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CDO

RE:

Dear David:

I n f o r m a t i o n requested by ATSDR
VB-I70 S i t e c/ien

As you requested, enclosed i s in f ormat i on f r om the T o u r t e l o t (USGS) and S k y l i n e
Labs s tudi e s .

The T o u r t e l o t package inc lude s the cover l e t t e r under which H a r r y T o u r t e l o t o f
th e USGS provided soil s a m p l i n g data f r om th e F r o n t Range Urban Corridor S t u d y t o
Macon C o w l e s , the a t torney r e p r e s e n t i n g the E s c a m i l l a C l a s s in G l o b e v i l l e . I do not
have the original computer pr in t -ou t s , but at tached is a spreadshee t that pre s en t s data
f r o m t h i s s t u d y for s a m p l e s c o l l e c t e d in the Denver area, prepared by EnviroGroup in
1992. The d a t a cons i s t of random sample s c o l l e c t e d f r o m 4km square "sample areas" or
b l o ck s . F o u r s a m p l e s were c o l l e c t e d f r om each b lock . The l o c a t i o n of each b lock i s
shown o n t h e a t ta ched m a p ( T o u r t e l o t d e p o s i t i o n exhibi t 139). I ' v e marked t h e b locks
for which we have d a t a in red. The b l o ck s that we c on s id er to be in an "urban s e t t i n g "
are h i g h l i g h t e d in y e l l o w . The c a l c u l a t i o n of the geometric mean and s t a n d a r d d e v i a t i o n
for th i s urban subset is shown on the a t tached t a b l e . N o t e that s a m p l e area 101 is in the
general v i c i n i t y o f the V B - I 7 0 s t u d y area. N o n e o f the s a m p l e s were c o l l e c t e d f r o m the
v i c i n i t i e s of the G l o b e or Omaha Grant smel t er s . S a m p l e area 100 is i m m e d i a t e l y west of
the f ormer Argo sme l t er s i t e .

T h e S k y l i n e Labs d a t a package c on s i s t s o f t h e S k y l i n e Lab s , I n c . l a b o r a t o r y
analys e s report of February 24, 1986, and a contour map of the d a t a p r e p a r e d by
EnviroGroup . The x y c oord ina t e s of the sampl e s l i s t e d on the lab repor t are the same as
shown on the map (one unit equals one mi l e). I have h i g h l i g h t e d the 500 ppm to 750
p p m contour interval f o r convenience. S k y l i n e Labs a p p a r e n t l y c o n d u c t e d t h e s t u d y o f
i t s own v o l i t i o n . To the best o f my k n o w l e d g e , i t was never p u b l i s h e d , but S k y l i n e
agreed to p r o v i d e the d a t a to E n v i r o G r o u p around 1992 when the E s c a m i l l a l a w s u i t
raised q u e s t i o n s about urban background l e v e l s .
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A l s o a t tached are e x c e r p t s from Fell 1979, e s t a b l i s h i n g the date s when the Argo
and Grant sme l t e r s began and ceased o p e r a t i o n s , a p a p e r by K l o d t ( 1 9 5 2 ) on the A r g o
smel t er proce s s and h i s t o r y , an excerpt f r o m F o s s e t t ( 1 8 7 9 ) on the early Argo pro c e s s ,
and a modern day a i r p h o t o showing the l o c a t i o n s of the various s m e l t e r si tes.

I hope t h i s i n f o r m a t i o n is h e l p f u l . P l e a s e do not h e s i t a t e to c a l l me if you have
any q u e s t i o n s .

S i n c e r e l y ,
E n v i r o G r o u p L i m i t e d

David J . F o l k e s , P.E.
P r i n c i p a l

Enc.
C c : Bonnie L a v e l l e , U S E P A ( w / e n c . )

Bob L i t l e , A s a r c o ( w / o enc.)
L i n d a Larson, Esq. ( w / o enc.)
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C h a p t e r 6
Smokestacks on the Plains

D U R I N G T H E S I X T I E S A N D S E V E N T I E S M A N Y H A D R E C O G N I Z E D
that the cit ies and towns on the Great Pla in s he ld e x c e l l e n t
p o t e n t i a l as ore reduct ion centers. Some noted that labor, f u e l ,
and material costs were far l e s s here than in the i s o l a t e d min-
ing camps of the high country. Others saw that an e f f i c i e n t
system of ra i lroads could unite a wide variety of minerals for
treatment in s m e l t i n g furnace s . Yet the absence of rail service
had c o m p e l l e d the early entrepreneurs to l o ca t e their p l a n t s in
the mountain f a s t n e s s near the sources of f u e l and ore. During
the s event i e s , however, ra i l road construct ion began to l i n k the
major c i t i e s , towns, and mining camps and opened new o p p o r -
tuni t i e s to the most p e r c e p t i v e smeltermen.

Denver was the nexus of rai lroad b u i l d i n g in C o l o r a d o . The
cons truc t ion of the K a n s a s P a c i f i c and the C h i c a g o , Bur-
l i n g t o n , and Quincy lines gave the ci ty direct service to the
East, and the Union P a c i f i c road, through its sub s id iarie s , the
C o l o r a d o Central and Denver P a c i f i c , prov ided an east-west
l ink through Cheyenne. W i t h i n C o l o r a d o the Denver & Rio
Grande Railway bu i l t south f r o m Denver to C o l o r a d o S p r i n g s ,
Pueb lo , and T r i n i d a d , then west f r o m Pueb l o to L e a d v i l l e and
Durango. W e s t of Denver the C o l o r a d o Central Company laid
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134 ORES T O M E T A L S

narrow-gauge rails up Clear Creek Canyon to Central C i t y ,
I d a h o S p r i n g s , and Georgetown. And the Denver S o u t h Park
and P a c i f i c enterpri se extended it s tracks to F a i r p l a y , A l m a ,and L e a d v i l l e . 1

As these roads made Denver a h i g h l y p r o s p e c t i v e s i t e for the
reduction indus try, Nathani e l P. Hill and his col leagues in the
Boston and C o l o r a d o S m e l t i n g C o m p a n y had begun to think
about c o n s o l i d a t i n g their operat ions on the Great Pla in s . A
decade of rapid growth had carried the Black Hawk p lant to
the l i m i t s of e x p a n s i o n in the narrow, h i g h - w a l l e d canyon
carved by N o r t h C l e a r Creek. Since 1876 p r o d u c t i o n had risen
s l o w l y , p a r t l y because of the phy s i ca l cons traint s impos ed by
the s e t t ing . I n c r e a s e s in the cost of f u e l had eroded p r o f i t mar-
gins, a n d high f r e i g h t t a r i f f s h a d thwarted H i l l ' s p l a n s t o
switch f r o m wood to coal. But moving the p l a n t to a more
centra l iz ed l o c a t i o n o f f e r e d H i l l t h e p r o s p e c t o f f u r t h e r growth
because the enterpri s e cou ld draw on the produc t i on of a wider
range of mining camps. F i n a l l y , the suit f i l e d in circuit court at
the behest of Carl Schurz forced the c o m p a n y ' s hand. Hill and
his a s soc iate s d e c i d e d to c o n s o l i d a t e their s m e l t i n g and r e f i n -
ing op era t i on s at the edge of the eastern s l o p e . And it was to
Denver, with its e x c e l l e n t railroad system and lower costs, that
the en t erpr i s e l ooked for a new p l a n t site. 2

Relocation was no s imp l e matter, however, because a pecu-
liar track arrangement connected Denver to the mining camps
on the f o r k s of C l e a r Creek. F r e i g h t o r ig ina t ing in Denver had
to travel over the broad-gauge track of the Colorado Central
Railroad as far as G o l d e n . T h e r e yard crews t ran s f e rr ed the
cargo to narrow-gauge r o l l i n g stock for the j ourney into the
mountains. The o p p o s i t e procedure a p p l i e d to shipments com-
ing down f r o m the mining towns. P e o p l e in Denver and in the
high country had long urged the Central to lay a third rail
p e r m i t t i n g d i r e c t , l e s s - e xp en s iv e t ranspor t between Denver
and G o l d e n , but W i l l i a m A. H. L o v e l a n d , pre s ident o f the l i n e ,
r e fu s ed . He used various pre t ex t s to j u s t i f y his po s i t i on , but the
real reason for h i s o p p o s i t i o n was tha t he f e a r e d h i s
warehouses and retail s tores in G o l d e n might s u f f e r if Denver
ins t ead o f G o l d e n became the p r i n c i p a l t r a n s f e r point . 3
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H i l l t hough t the cons truc t ion of a third rail was v i t a l . If he

erected a s m e l t e r in Denver, the bu lk of his mineral wou ld r o l l
down C l e a r Creek Canyon on narrow-gauge ore cars as far as
G o l d e n , where it would have to be t ran s f e r r ed to broad-gauge
r o l l i n g s tock for s h i p m e n t t o the works. Hil l considered this
expens ive , t ime-consuming, and unnecessary. It d e f e a t e d the
p u r p o s e of r e locat ion. In the summer of 1877 he had tried to
per suade L o v e l a n d to lay a third rail and reduce the expens e of
s h i p p i n g coal to Black H a w k , but Loveland had r e f u s e d , realiz-
ing that the s m e l t i n g company was d e p e n d e n t upon his l ine.
Once Hill and his associates dec ided to s h i f t their locat ion, Hill
reopened his t a l k s with L o v e l a n d , who remained a d a m a n t l y
o p p o s e d to l a y i n g a th ird rail. 4

Hill then s h i f t e d tact ic s . He let it be known that he in t ended
to b u i l d his own railroad between Denver and the towns above
Clear Creek. In r e t ro spe c t it seems that this scheme was l i t t l e
more than a clever p l o y to f o r c e the Central to come to terms,
but it had to be taken seriously at the time. One commentator
wrote that L o v e l a n d would have to reach an agreement with
H i l l because the railroad bore a heavy debt and would f a i l to
meet i t s . o b l i g a t i o n s if it had to c o m p e t e with another carrier.5

R e g a r d l e s s , Hill wasted l i t t l e time in p u t t i n g pressure on the
C o l o r a d o C e n t r a l . In November 1877 he, W o l c o t t , and three
other men organized the Denver and Rocky M o u n t a i n Railway
Company. P o p u l a r l y known a s H i l l ' s Road o r t h e H i g h Line ,
the e n t e r p r i s e p r o c l a i m e d i t s in t en t i on s o f l a y i n g track f r o m
Denver t o B l a c k H a w k , C e n t r a l C i t y , G e o r g e t o w n , and
Caribou, then across the s ta t e to the Utah border. In J a n u a r y a
Denver newspaper reported that the directors of the sme l t ing
company had agreed to f i n a n c e the p r o j e c t . A l m o s t s imul tane-
ous ly , Hill purchased a wagon road between I d a h o S p r i n g s and
George town for part of the route, set surveyors to work, and
sent W o l c o t t to Boston to assist the eastern management in
raising money.6

Businessmen at Cen tra l C i t y and G e o r g e t o w n were en-
thusiastic about Hill ' s Road, but their ecstasy was short-lived.
In March, rumors a p p e a r e d that Love land had c a p i t u l a t e d and
the H i g h Line would not be built. A spokesman for H i l l denied
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the report as hearsay, but a Denver n ew spaper soon pub l i s h ed
a story c l a i m i n g that Jay G o u l d and S i d n e y D i l l o n of the Union
P a c i f i c Railroad, which contro l l ed the Colorado Cen tra l , had
assured t h e s m e l t i n g enterpri se that L o v e l a n d ' s f i r m would
make concessions for carrying ores to the new p l a n t .

Events proved that the newspapermen were indeed correct.
F i n a l d e t a i l s were not arranged until May, but in the mean-
time Hill and Love land nego t ia t ed a t entat ive agreement that
they f o rwarded to G o u l d and D i l l o n for a p p r o v a l . Loveland s t i l l
r e fu s ed to lay the third rail between Denver and G o l d e n , but he
did agree to s h i f t ore cars f r o m narrow-to broad-gauge tracks at
the expense of the rai lroad. T h i s e v e n t u a l l y proved so c o s t l y
that the company added the a d d i t i o n a l track. Loveland also
agreed to lay a third rail f r o m his d e p o t in Denver to the p l a n t
site so that coal, ores, and bu i l d ing material s arriving on other
narrow-gauge l ine s could be s h i p p e d d i r e c t l y to the sme l t e r .
W i t h the signing of this protocol the Denver and Rocky Moun-
tain Railway passed into obl ivion. S u l l e n over his d e f e a t by
Gould and Dil l on , Love land claimed that Hil l ' s Road would
have been l i t t l e more than a f e e d e r to the C o l o r a d o C e n t r a l ,
but Gould and D i l l o n obviously f a i l e d to see it that way.7

C o n f i d e n t the railroad question would be resolved in their
favor , H i l l and his colleagues began searching for a new smel-
ter l o c a t i o n even b e f o r e reaching an agreement with L o v e l a n d .
In January 1878 H i l l inspected potent ial sites on the outskirts
of Denver. T h e n , a f t e r purchas ing a p l o t on the corner of Four-
teenth and W e l t o n S t r e e t s , where he later built a spectacular
house in the Second Empire s ty l e , he opened negot ia t ions for
an industrial tract ju s t north of the city. The talks continued
for a whi l e , but when the owners r e f u s e d to lower what H i l l
thought to be an exorbitant price, he broke off discussions. At
this po in t the e d i t o r s of the Daily Times warned that the high
cost of real estate might persuade Hill to accept L o v e l a n d ' s
s ugge s t i on to erect works in G o l d e n . The danger was no doubt
exaggerat ed , for H i l l recognized D e n v e r ' s superiority as a re-
duc t i on center, but the f ear p r o m p t e d the Board of T r a d e to
express its "di sapprobat ion" of land speculator s and its ap-
p r e c i a t i o n o f t h e c o m p a n y ' s p l a n s . H i l l e v e n t u a l l y resumed
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IBS began searching for a new smel-
ching an agreement with Loveland.
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hasing a p l o t on the corner of Four-
, where he later built a spe c tacu lar
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nego t ia t i on s , and in A p r i l he spent $7,000 to acquire e igh ty
acres of land j u s t north of Denver, a tract bordered by the
C o l o r a d o Centra l Rai lroad . In a c la s s i ca l mood b e f i t t i n g the
G i l d e d A g e , he and Pearce named the p l a c e Argo a f t e r the
mythical vessel that carried J a s o n in search of the G o l d e n
F l e e c e .

T h e n came p l a n s for the new smel t er . Robert S. Roeschlaub,
a noted Denver arch i t e c t , de s igned the new p l a n t with the
assi s tance of H i l l and Pearce. T h e y intended to erect f o u r major
b u i l d i n g s — a n ore house, a sme l t ing p l a n t , a coal house, and a
r e f i n e r y — a s we l l a s s m a l l e r w o r k s h o p s f o r c a r p e n t e r s ,
b la ck smi th s , and machinis t s , p l u s a two-story o f f i c e tower at
the f ront of the works. S p u r s f r o m the C o l o r a d o Central Rail-
road would enter the p l a n t and connect the p r i n c i p a l b u i l d i n g s
and storage areas. Because of the f i r e hazard, H i l l and Roesch-
laub wanted to use brick as the primary b u i l d i n g mater ia l , but
as it was in short s u p p l y they switched to stone quarried at
Morrison, a few miles south of G o l d e n . T h e y also s e l ec ted cor-
rugated iron for r o o f i n g . The p l a n s ca l l ed for the entire p l a n t to
be surrounded by a stone wall eight f e e t high. Outside the
enclosure Roeschlaub designed a v i l l a g e with a h o t e l , church,
school , and tenement houses. Argo would be a company town.

The new p l a n t took shape during the spr ing and summer.
Leaving H e n r y W o l c o t t in charge of opera t i ons at Black H a w k ,
H i l l e s tab l i sh ed t emporary headquarters a t R o e s c h l a u b ' s o f f i c e
in Denver. In May he p l a c e d an advertisement in the Daily
Times asking contractors to submit bids for brick and stone. As
soon as L o v e l a n d ' s crews f i n i s h e d the third rail to Argo , the
succe s s fu l b idders s h i p p e d b u i l d i n g materials by the carload to
the construction site. By summer more than a hundred men
were at work on the p l a n t . When Hill gave city o f f i c i a l s a tour
in S e p t e m b e r , the major structures were in p la c e , machinery
lay on the grounds, and ores were p i l i n g up for reduction. 8

The Argo smelter commenced operations on January 1,1879,
even though it was s t i l l u n f i n i s h e d . During the next few
months Pearce and W o l c o t t pushed construction at a rapid
pace, but work on the re f inery went s lowly because the enter-
prise took special precautions to preserve the mechanics of
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P e a r c e ' s secret process . Not until the end of the year did the
p l a n t become f u l l y o p e r a t i o n a l . By then the f i r m even had its
own steam engine to run between Argo and Denver and do
switching at the works. During its f i r s t twelve months in oper-
ation the s m e l t e r ' s p r o d u c t i o n o f g o l d , s i lver , and c o p p e r rose to
$2,450,000. T h i s was a new high for the c o m p a n y , but it
marked the las t time Hil l ' s ou tpu t would be the largest in
C o l o r a d o ' s r educ t ion industry. 9

The cost of r e l o c a t i o n had been high. At the annual mee t ing
in Boston in May 1879, J a m e s W. Convers e , th e f i rm' s pre s i-
d e n t , r e p o r t e d that debt had risen to $262,000, more than h a l f
the o u t s t a n d i n g equi ty c a p i t a l . To p r o v i d e the sme l t e r with
a d d i t i o n a l working f u n d s and reduce the huge f inanc ia l ob l iga-
t ions to a more a c c e p t a b l e l e v e l , the s t o c k h o l d e r s voted to dou-
ble the c a p i t a l i z a t i o n f r o m $500,000 to $1,000,000. T h e y au-
thorized the creat ion of 5,000 new shares of s tock, which the
enterpri s e s o l d wi thin a year. The o f f i c e r s used part of the
money to reduce l i a b i l i t i e s . Hill took advantage o f the o p p o r -
tuni ty to increase his h o l d i n g s f r o m 520 to 1,040 shares, dis-
p l a c i n g J. Warren M e r r i l l , th e corporat e treasurer, a s th e
largest s t o ckho lder . 1 0

As A r g o took shape on the north Denver p l a i n , Hill took
advantage o f the f i rm' s success to advance h i s p o l i t i c a l career.
In May 1878 J e r o m e B. C h a f f e e announced that because of poor
h e a l t h he would not be a cand ida t e for re e l e c t ion to the U n i t e d
S t a t e s S e n a t e . No sooner had he made his dec i s ion p u b l i c than
it was rumored that Hill had d e c id ed to seek the seat. T h e s e
rumors proved true. To spearhead his drive for the Repub l i can
nomination, H i l l purchased a n e w s p a p e r at Central C i t y and
f i l l e d t h e p a r t y c o f f e r s d u r i n g t h e f a l l c a m p a i g n . I n t h e
N o v e m b e r e l e c t i on the R e p u b l i c a n s won a m a j o r i t y of seats in
both houses of the s ta t e l e g i s l a t u r e , thus making their nomina-
t ion tantamount to e l e c t i on. A month la t e r Hill emerged as the
f ron t-runner f o r Cha f f e e ' s seat, h i s drive headed by t h e W o l c o t t
brothers , the new s ta t e senators f r o m C l e a r Creek and G i l p i n
countie s . 1 1

A s t h e l e a d i n g R e p u b l i c a n c a n d i d a t e , H i l l became t h e target
of v i t u p e r a t i v e a t ta ck s by the Rocky Mountain News, which

was c o n t r o l l e d by the f u t u r e Democrs
H . L o v e l a n d . T h e p a p e r sarcas t i calb
"Argo statesman" and accused him of
of s p e n d i n g the excessive sum of $15
paign. The News al so c laimed that H
A t c h i s o n , T o p e k a , and S a n t a Fe Ra
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"be had at ten d o l l a r s a year, which i
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D e s p i t e the par t i san at tacks of the 2
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cans caucused on the evening of Jam
b a l l o t i n g f r o m the outset and receive
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cott and S e n a t o r C h a f f e e , who at the L
make t h e race. W i t h H i l l ' s e l e c t i on c e
l i t t l e more than proc la im: "The Po
C h a f f e e H e r m e t i c a l l y S e a l e d . " W h e
convened several days later, H i l l e;
A f t e r both houses met in j o i n t session
he was f o r m a l l y introduced and mad
g r a t u l a t i n g the s enator-e l e c t , the E
Journal commented that if he ran Co
he did his s m e l t i n g en t erpr i s e , there
div idend to d e c lar e , instead of the us

When H i l l l e f t t o assume h i s dut i e s
to-day management of the Argo smel l
and H e n r y W o l c o t t , and their l eader
T h e y incr ea s ed p r o d u c t i o n f r o m
$4,400,000 in 1884. The growth prim
o u t p u t o f mines s i t u a t e d a l ong the
Summit C o u n t y , and at L e a d v i l l e , bu
ores f r o m markets in U t a h , New Mex
Park and Boulder County d e c l i n e d a:
small c on s ignment s s h i p p e d f r o m Ari:
ern M e x i c o more than made up the
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and reduce the huge f i n a n c i a l ob l iga-
j l e v e l , the s t o ckho ld er s voted to dou-
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i,000 new shares of s tock, which the
year. The o f f i c e r s used part of the

;s. Hill took advantage of the o p p o r -
d ing s f r o m 520 to 1,040 shares, dis-
i l l , the c o rpora t e treasurer, as the
i the north Denver p l a i n , Hill took
.ccess to advance his p o l i t i c a l career,
l a f f e e announced that because of poor
a n d i d a t e f or r e e l e c t i o n t o th e U n i t e d
lad he made his d e c i s i on p u b l i c than
had d e c id ed to seek the seat. T h e s e
earhead his drive for the R e p u b l i c a n
sd a n e w s p a p e r at Centra l C i t y and
d u r i n g t h e f a l l c a m p a i g n . I n t h e
p u b l i c a n s won a m a j o r i t y of seats in
j i s l a t u r e , thus making their nomina-
n. A month la t e r Hill emerged as the
seat, his drive headed by the W o l c o t t
mators f r o m Clear Creek and G i l p i n
an candida t e , H i l l became the target
Y the Rocky Mountain News, which

was c o n t r o l l e d by the f u t u r e Democrat i c nominee, W i l l i a m A.
H. Love land. The p a p e r s a r c a s t i c a l l y r e f e rr ed t o Hil l a s th e
"Argo s tatesman" and accused him of numerous m i s d e e d s and
of s p e n d i n g the excess ive sum of $15,000 d u r i n g the f a l l cam-
paign. The News a l so c laimed that Hill had the s u p p o r t o f the
A t c h i s o n , T o p e k a , and S a n t a Fe R a i l r o a d , which wanted t o
control a senate seat in order to secure f a v o r a b l e l e g i s l a t i o n .
When Hill u n w i s e l y a t t e m p t e d to purchas e the p a p e r in an
e f f o r t to s i l ence the c r i t i c i sm, the e d i t o r s j e e r e d that i t could
"be had at ten d o l l a r s a year, which is j u s t as near as Mr. Hill
will ever come to owning it."12

D e s p i t e t h e par t i san a t tack s o f t h e A r e a ' s , H i l l ' s campaign f o r
nomination and e l e c t i on went smoo th ly . When the R e p u b l i -
cans caucused on the evening of J a n u a r y 9, 1879, Hill led the
b a l l o t i n g f r o m the outset and received the nomination on the
f i f t h p o l l , b e s t ing h i s two nearest o p p o n e n t s , George M. C h i l -
cott and S e n a t o r C h a f f e e , who at the last minute had d e c id ed to
make the race. W i t h Hil l ' s e l e c t i o n certain, th e News could do
l i t t l e more than p r o c l a i m : "The P o l i t i c a l Doom of S e n a t o r
C h a f f e e H e r m e t i c a l l y S e a l e d . " When t h e general a s s e m b l y
convened several days l a t e r , H i l l e a s i l y d e f e a t e d L o v e l a n d .
A f t e r both houses met in j o i n t session to d e c lare H i l l the vic tor,
he was f o r m a l l y introduced and made a short speech. In con-
g r a t u l a t i n g the s e n a t o r - e l e c t , the Engineering and Mining
Journal commented that if he ran C o l o r a d o p o l i t i c s as we l l as
he did his s m e l t i n g e n t e r p r i s e , there would soon be "a moral
d iv id end to d e c l a r e , ins t ead of the usual assessment."1 3

When Hil l l e f t t o assume hi s d u t i e s in W a s h i n g t o n , the day-
to-day management of the Argo s m e l t e r f e l l to Richard Pearce
and H e n r y W o l c o t t , and their l e a d e r s h i p proved able indeed .
T h e y i n c r e a s e d p r o d u c t i o n f r o m $ 2 , 5 0 0 , 0 0 0 i n 1879 t o
$4,400,000 in 1884. The growth p r i m a r i l y r e f l e c t e d the ris ing
o u t p u t o f mines s i t u a t e d a l o n g the S o u t h C l e a r Creek, in
Summit C o u n t y , and at L e a d v i l l e , but the f i r m also purchased
ores f r o m markets in U t a h , New M e x i c o , and Montana. S o u t h
Park and Boulder C o u n t y d e c l i n e d as sources of mineral , but
small consignments s h i p p e d f r o m Arizona, N e v a d a , and north-
ern Mexico more than made up the d i f f e r e n c e . A l t h o u g h the
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mines o f C o l o r a d o remained the s m e l t e r ' s chief s u p p l i e r , the
rai lroads l i n k i n g the or e-produc ing regions of the West permit-
ted the enterprise to serve a wide area, as Hill and his col-
leagues had foreseen. 1 4

More than other mining regions ou t s i d e C o l o r a d o , Montana
remained essential to the f irm's l i v e l i h o o d . C o p p e r was the sine
qua non in the Swansea proces s , but during the seventies it
had grown scarcer in Hill's t radi t ional markets on the f o rk s of
Cl ear Creek. Beginning in 1878, W i l l i a m A. C l a r k had s h i p p e d
large quant i t i e s of c o p p e r ores f r o m his mines in Butte to
the f urnac e s at Black H a w k . Yet thi s arrangement had never
proved s a t i s f a c t o r y because t ran spor ta t i on costs, amounting to
f o r t y d o l l a r s per ton, had eroded the p r o f i t margins of all con-
cerned.1 5

P e r c e p t i v e as they were, H i l l and C l a r k recognized that
smeltermen would soon erect p l a n t s in Butte. C o p p e r produc-
tion there was on the rise even though the Anaconda bonanza
was s t i l l unknown. H i l l and C l a r k wanted to steal a march on
expec t ed c o m p e t i t i o n . Early in 1878, while the Argo smel t er
lay in the in i t ia l s tages of cons truc t ion, Hill sent Henry W i l -
l iams , the manager of the A l m a p l a n t , to Montana to deter-
mine the f e a s i b i l i t y of erect ing works in Butte. W i l l i a m s spent
several weeks in spe c t ing mines, locating bui lding materials,
and searching out sources of f u e l and water. When he returned
to Denver, he r epor t ed that p r o s p e c t s for a smelter were excel-
lent . 1 6

In J u n e 1879 this report and the need of the Argo works for
s teady s u p p l i e s o f c opper prompted H i l l , Pearce, Henry Wol-
co t t , W i l l i a m s , and C l a r k to organize themselves into a body
corporate as the C o l o r a d o and Montana S m e l t i n g Company.
Six months l a t e r , a f t e r several unaccountable de lays , they f i l e d
the ar t i c l e s of incorporat ion with the secretary of s tate in Den-
ver and set the cap i ta l i za t i on at $200,000, the same as the
Boston and C o l o r a d o f i r m in 1867. H i l l was e lec ted pr e s id en t of
the company even though he now held a seat in the Uni t ed
S t a t e s S e n a t e , and he p u r c h a s e d o n e - f o u r t h o f the two
thousand shares i s sued. The remainder was not subscribed for
another three years. W i l l i a m s was appo in t ed manager of the

p r o j e c t and promised a f i f t h of the ca
enterpri s e a success. Yet it was pr iv;
trusted d a r k ' s motives.1 7

W i t h the company organized, Wi~
He purchased the p r o p e r t y of a d e f u :
new furnace s a long the banks of S i l \
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p r o j e c t and promi s ed a f i f t h of the c a p i t a l s tock if he made the
ent erpr i s e a success. Yet it was p r i v a t e l y r epor t ed that he di s-
trusted C l a r k ' s motives. 1 7

W i t h the company o r g a n i z e d , W i l l i a m s returned to Butte.
He purchased th e p r o p e r t y o f a d e f u n c t s m e l t i n g f i r m , erected
new furnac e s a l o n g the banks of S i l v e r Bow Creek, and began
reducing Clark's ores to a matte averaging 50 percent c o p p e r
and worth f r o m $600 to $1,000 per ton d e p e n d i n g upon the
s i lver content. T h i s he s h i p p e d to A r g o for r e f i n i n g . As time
p a s s e d , W i l l i a m s increased th e s m e l t i n g c a p a c i t y f r o m eigh-
teen to f i f t y tons a day and purchased ores f r om other mine-
owners. He reduced some consignments in Butte but s h i p p e d
others d i r e c t l y to C o l o r a d o . When new companies erected smel-
ters in Butte , he bought their matte for sh ipment to Argo.
A l t h o u g h the two enterpri s e s never merged into a s i n g l e corpo-
rat ion, they remained c l o s e l y a s s o c i a t e d — a n o t h e r e x a m p l e o f
the in formal i n t e g r a t i o n p r e v a i l i n g in the r educ t ion indus-
try.18

W h i l e opera t i on s went f orward at Butte and A r g o , the Bos-
ton and C o l o r a d o en t erpr i s e witnessed the appearance of a po-
t e n t i a l l y dangerous rival. In 1881 a group of investors f r o m
Denver organized the Miner ' s S m e l t i n g and Reduct ion Com-
pany, which purchased and renovated a d e func t smel t er in
G o l d e n . U s i n g a t ime-honored indu s t r ia l s u b t e r f u g e , the f i r m
hired several o f Hil l ' s e m p l o y e e s in order t o obtain th e d e t a i l s
of P e a r c e ' s secret proce s s and other techniques e m p l o y e d so
s u c c e s s f u l l y a t Argo . T h e M i n e r ' s C o m p a n y p u t i t s s m e l t i n g
furnaces into operation by summer, produced some matte, and
extracted s i lver by the Z i e r v o g e l method. T h e n the m e t a l l u r -
gis t s mel t ed the g o l d - c o p p e r re s idue into a high-grade mat t e ,
the f i r s t s t e p in P e a r c e ' s technique. Several weeks la t e r Ed-
ward O ' N i e l , o n e o f H i l l ' s f o rmer e m p l o y e e s , f i n i s h e d i n s t a l l i n g
the equipment that d u p l i c a t e d the entire Argo method. 1 9

U s i n g this t e c h n o l o g y , th e Miner ' s enterpri s e remained in
business for another two years. It e xpanded opera t i on s at
G o l d e n , e s t a b l i s h e d s a m p l i n g agencies in Black H a w k , I d a h o
S p r i n g s , and George town, and lured more employe e s away
from Hill's f irm. Yet in sp i t e of its technical success it f a i l e d in
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1883, a victim of s t i f f c o m p e t i t i o n and poor locat ion. The En-
gineering and Mining Journal noted that the p l a n t was
s i tuated in "an out-o f- the-way p l a c e and could not compe t e
with one more c e n t r a l l y l o ca t ed and with six times the c a p i t a l , "
a l i g h t l y ve i l ed re f erence t o H i l l ' s company, which once again
had t r iumphed over a rival in the Clear Creek ore markets. To
restore i t s m o n o p o l y on P e a r c e ' s proce s s , the Argo f i r m pur-
chased and razed the Miner' s p l a n t , 2 0

Despi t e his continued success Hill saw the p o s i t i o n of his
enterpr i s e change markedly. A f t e r more than a decade as the
only v iab l e s m e l t e r in C o l o r a d o , i t s p r o d u c t i o n was surpas s ed
in 1880 by the Grant works in L e a d v i l l e . Even more s i g n i f i -
cant, the s w i f t d e v e l o p m e n t of s i l v e r - l e a d s m e l t i n g on the
N o r t h Arkansa s thrust b la s t f u r n a c e s to the f o r e as the ch i e f
means o f o r e r educ t ion i n C o l o r a d o . H i l l ' s company remained
i m p o r t a n t for another three d e c a d e s , but l e a d e r s h i p in the in-
dus t ry had pas s ed to the s i lver4ead entrepreneurs.

Hill and his a s soc iate s had smel t ed ores at Argo for more
than three years when f i r e de s t royed the Grant works at Lead-
v i l l e in May 1882. T h i s ca ta s t rophe threw the owners, Edward
E d d y , W i l l i a m H. J a m e s , and J a m e s B. Grant , into consterna-
tion. Yet they were a re source ful group of men, and they had
access to c a p i t a l with which to r e bu i ld . The question was
where? Even b e f o r e the c o n f l a g r a t i o n , they had debated the
p o s s i b i l i t y of r e l o c a t i n g in P u e b l o , at the f o o t of the Arkansas
V a l l e y . H e r e they would e n j o y p r o x i m i t y to the coking coal s o f
T r i n i d a d and access to a good railroad system. Yet other con-
s idera t i on s pushed Denver to the f o r e f r o n t in their th ink ing
when the time came to rebui ld the L e a d v i l l e p l a n t . Ever since
he had gone into business in 1878, Grant had s h i p p e d his bul-
l i on to Omaha. In return, he had received p r e f e r e n t i a l f r e i g h t
rates f r o m th e Union P a c i f i c R a i l r o a d , whose p r e s i d e n t , S i d n e y
D i l l o n , h e ld a large b l o c k of stock in the Omaha S m e l t i n g and
R e f i n i n g Company. T h i s was the key to the dec i s ion of E d d y ,
J a m e s , and Grant. T h e y wanted to maintain their f a v o r a b l e
r e l a t i o n s h i p with the l ine and s t i l l lie on the most direct route
f r o m L e a d v i l l e to Omaha. For thi s reason they d e c i d e d to re-b u i l d in Denver.21
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A f t e r l o o k i n g at several p o s s i b l e l o c a t i o n s , Grant and his

partners bought an indu s t r ia l tract about two mi l e s nor thea s t
of downtown and across the S o u t h P l a t t e River f r o m A r g o . The
land i t s e l f f o rmed a terrace that s l o p e d g e n t l y toward the
waterway, and Grant and Malvern W. lies took advantage of
the contour when they designed the smelter. T h e i r p lan s ca l l ed
for a system of railroad tracks laid in such a way that ores, f u e l ,
and f l u x would be de l ivered d i r e c t l y to the u p p e r l eve l s o p p o -
site the charging doors of the furnaces. T h e n , in the course of
operations, intermediate produc t s would f l o w downhi l l to lower
levels . U l t i m a t e l y , sme l t e r workers would run s l a g onto a
d u m p and l oad b u l l i o n onto cars bound for Omaha.

E d d y , J a m e s , and Grant broke ground for the p l a n t on J u l y
2, 1882, and D e n v e r ' s second great sme l t e r took shape dur ing
the summer and f a l l . The par tner s purchased the best machin-
ery and f u r n a c e equipment a v a i l a b l e f r o m F r a s e r and C h a l -
mers in Chi cago , the P a c i f i c I r o n Works of L e a d v i l l e , and the
C o l o r a d o I r o n Works of Denver. Grant hired crews of trades-
men who put up the brick and stone bu i ld ing s , in s ta l l ed elec-
tric l i g h t s , and put in the most advanced t e chnology of the day.
lies supervised all technical d e t a i l s . As work progre s s ed , Eddy
and Jame s began s h i p p i n g ores down f r o m the mountains via
the Denver S o u t h Park & P a c i f i c Railroad. H u g e stocks of f u e l
and mineral a c cumula t ed on the grounds as the s m e l t e r neared
c o m p l e t i o n . A f t e r f o u r months o f s t e a d y work, Grant and l i e s
b l ew in the f i r s t r educ t i on unit on October 7. Others f o l l o w e d in
rapid succession, and by early N o v e m b e r the p l a n t was in f u l l
o p e r a t i o n with e ight b l a s t f u r n a c e s , which had an ore c a p a c i t y
of 230 tons d a i l y . 2 2

J u s t as the sme l t er came on stream, however, Grant had to
divert his energies f r o m business to government; f o r , like that
of Nathan i e l P. H i l l , his p o l i t i c a l star was ascendant. During
the summer of 1882 the leaders of the Democratic party urged
Grant to run for governor. His success in business had made
him well known throughout the s t a t e , and par ty s t a l w a r t s
wanted a s trong gubernatorial cand ida t e because they saw an
e x c e l l e n t chance of winning in November . Grant was amenable
to the idea. At the county conventions h e ld dur ing the l a t e
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S m e l t e r worker d r a w i n g s l a g f r o m a furnace at the Grant sme l t er in
Denver. H a r r y H . Buckwal t er , p h o t o g r a p h e r . C o l o r a d o H i s t o r i c a lS o c i e t y , Denver.

summer, his s u p p o r t e r s e a s i l y won m a j o r i t i e s that led to hisnominat ion as the Democratic s tandard bearer.
In sharp contrast t o Grant ' s harmonious nomination, th e

R e p u b l i c a n a s p i r a n t s for governor created acrimony within the
ranks of the p a r t y . The i n f i g h t i n g at the county and s tate con-
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ventions s p l i t t h e p o l i t i c i a n s into t w o f a c t i o n s — t h e H i l l -
W o l c o t t g roup , known as the A r g o n a u t s because of their as-
s o c i a t i o n w i t h t h e f a m o u s s m e l t e r , and th e J e r o m e B.
C h a f f e e - H e n r y M. T e l l e r group, known as the W i n d m i l l s be-
cause of their a l l e g e d b o a s t f u l n e s s . The Argonaut s s u p p o r t e d
H i l l ' s r ight-hand man, H e n r y W o l c o t t , b u t t h e W i n d m i l l s
blocked his drive and nominated their own c a n d i d a t e , Ernest
C a m p b e l l o f L e a d v i l l e . T h i s worsened the disharmony between
t h e t w o c a m p s , a n d t h e A r g o n a u t s r e f u s e d t o s u p p o r t
C a m p b e l l , thus s e t t i n g the s tage for a Democratic victory.
N e i t h e r Grant nor C a m p b e l l waged an energetic campaign
that f a l l ; but when the votes were counted in November Grant
f ound h ims e l f e l e c t ed the f i r s t Democratic governor in C o l -
o r a d o ' s his tory. 2 3

Even a f t e r he took o f f i c e , Grant , l ik e other businessmen in
the G i l d e d A g e , h a r d l y le t hi s p u b l i c career i n t e r f e r e with hi s
entrepreneurial activities . T h i s was all to the good, for even as
he assumed the g o v e r n o r ' s chair his f i r m was on the eve of
m a j o r changes. Early in 1883, E d d y , J a m e s , and Grant began
to e x p l o r e the p o s s i b i l i t y of merging their enterpri se with the
Omaha S m e l t i n g and R e f i n i n g Company. What motives lay
behind thi s move remain c o n j e c t u r a l , but the f o r c e s p r o m o t i n g
the ta lk s must have inc luded a desire to in t egrat e operat ions
f r o m s a m p l i n g through s m e l t i n g to r e f i n i n g , broaden ore mar-
kets, take advantage of the economies of scale, and raise capi-
ta l . T a l k s ensued in the s p r i n g and summer, c orr e spondenc e
f l o w e d across the p l a i n s , and lawyers d e lv ed into l e g a l matters .
T h e n n e g o t i a t i o n s cu lmina t ed on J u l y 5, 1883, with the crea-
tion of the Omaha and Grant S m e l t i n g and Ref in ing Company.
T h i s f i r m acquired all the p r o p e r t y of its predec e s s or s as well as
the s a m p l i n g works of E d d y , Jame s & C o m p a n y , the "com-
pany" of course being J a m e s B. Grant.

The merger united some of the most impor tant entre-
preneurs in the i n d u s t r y — E d d y , J a m e s , and Grant of the Col-
orado f i r m , and Guy C. Barton, Edward W. N a s h , Charle s Bal-
bach, and J o s e p h H. M i l l a r d o f the N e b r a s k a corporation. T h e y
set the cap i ta l i za t i on at $2,500,000 and s p e c i f i e d in the corpo-
rate charter that the enterpri s e could not go into debt beyond—
two-th irds of its equity c a p i t a l and that the stock could not be
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J a m e s B. Grant about 1882, when he was elected governor of Co l-
orado. C o l o r a d o H i s t o r i c a l S o c i e t y , Denver.

increased to more than $5,000,000. Barton became p r e s i d e n t ,
Grant v i c e - p r e s i d e n t , and N a s h secretary and treasurer. As a
prac t i ca l matter, E d d y , J a m e s , and Grant would handle all
o p e r a t i o n s in C o l o r a d o . 2 4

F r o m the outset Barton, Grant , and their associates bent
their energies to r a t i o n a l i z i n g opera t i on s and increasing the
s cope of their act ivi t i e s . F i r s t they rerouted ore s h ipment s so
that the Grant works in Denver received the bulk of the min-
eral under contract with s h i p p e r s in C o l o r a d o . T h i s lowered
costs and p e r m i t t e d the Omaha smelter to concentrate on the
ore markets of U t a h , M o n t a n a , and I d a h o . The f i r m also opened
s a m p l i n g agencies in Black H a w k , A s p e n , and other camps to
go with the p l a n t at L e a d v i l l e . And to f u r t h e r i n t e g r a t i o n in
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Denver, Grant and his c o l l e a g u e s b u i l t a s a m p l i n g m i l l and a
number of roasting furnaces with which to treat the ri s ing
p r o d u c t i o n o f s u l f i d e s . 2 5

The f i r m al so moved h eav i ly into the L e a d v i l l e ore market,
which furnished about 60 percent of the mineral smel ted at the
Grant works. F r o m 1882 through 1884 E d d y , J a m e s & Com-
pany bought ores whose value exceeded the p r o d u c t i o n of every
smel t er remaining on the N o r t h Arkansas! Purchases became
so ex t ens ive that they exceeded the c a p a c i t y of the Denver
smelter to process what the sampler had put under contract. To
proces s the ores, the en t erpr i s e spent a r epor t ed $150,000 to
acquire the p l a n t of Cummings and F i n n , who had erected one
of the largest smelters in L e a d v i l l e . Eddy, J a m e s , Grant, and
one H e n r y H e a d incorporat ed the p r o p e r t y as the F r y e r Hill
S m e l t i n g C o m p a n y , a l t h o u g h it remained a subs id iary of the
Omaha and Grant C o m p a n y . 2 6

Operat ions in L e a d v i l l e went well for a time, but in 1885
Grant and his co l l eagues f ound themselves beset with prob-
lems. D e s p i t e its size and s t r eng th the Omaha and Grant en-
t e r p r i s e f o u n d i t s e l f unable t o c ompe t e with the Pueb lo S m e l t -
ing and Ref in ing Company for mineral high in lead. Rather
than purchase ores at a lo s s , Grant and his c o l l eague s with-
drew f r o m this phase of the market, but this meant they had to
c lo se the F r y e r Hill p l a n t . By the time the P u e b l o sme l t e r
r e l i n q u i s h e d its hold on the market, Barton and Grant had
enlarged both the Denver and the Omaha works. T h a t made
the F r y e r Hill p l a n t e x p e n d a b l e , and it never reopened. Barton
and Grant la t er l ea sed the p r o p e r t y to contractors who re-
worked the s l ag dumps to recover small amounts of silver and
lead lo s t in the early days of proc e s s ing . 2 7

The c lo s ing of the Fryer H i l l smelter hardly put a crimp in
overall op era t i on s , but the experience s t i l l l e f t a good measure
of anxie ty in the minds of Grant and his co l l eague s . W i t h the
production of dry ores increasing everywhere, they worried
that f u t u r e p r o s p e r i t y might be impa ir ed i f they f a i l e d to
guarantee their p l a n t s a r e l i a b l e source of lead. For this reason
the Omaha and Grant Company bought the T e r r i b l e mine in
L e a d v i l l e for a r epor t ed $100,000, and m e t a l l u r g i s t s in Denver
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and Omaha were soon a d d i n g the concentrates to other ores
"like yeast to the dough." The T e r r i b l e mine never p r o v i d e d
enough lead to support the massive operat ions of the f i r m , but
it prov ided some f l e x i b i l i t y in a capric ious ore market.28

By 1886 the Omaha and Grant Company had emerged as a
h i g h l y integrated f i rm. It owned one mine ou t r igh t , many
s a m p l i n g agencie s , two r educ t i on p l a n t s , a r e f i n e r y , and a
marketing arm well on its way to produc t d i f f e r e n t i a t i o n with
its brand, "Omaha lead." What was more, E d d y , J a m e s , and
Grant , as well as their a s so c ia t e s in N e b r a s k a , owned large
b l o ck s of s t o ck in many mining corporat ions , thus cont inuing
the thread of in formal in t egra t ion seen throughout the sme l t-
ing industry.

The success of Grant , Hill , and their associates drew the ci ty
of Denver to the a t t e n t i o n of other entrepreneurs. One was
Edward R. H o l d e n , another his par tner Richard C l i n e ; s t i l l a
third was Malvern W. l i e s , and a f o u r t h was Arthur Chanute.
Each of these men had a d i f f e r e n t p e r s p e c t i v e on the reduction
business. In L e a d v i l l e H o l d e n and C l i n e owned a pro sperou s
ore purcha s ing agency through which passed large quantit ie s
of mineral d e s t ined for local works or the v a l l e y smelters. T h i s
gave H o l d e n and C l i n e a broad p e r s p e c t i v e on the mining in-
du s t ry , j u s t as it had Edward E d d y , W i l l i a m H. J a m e s , and
Augus t R. Meyer a few years be fore . l ie s pos se s s ed the great
m e t a l l u r g i c a l s k i l l s that had made so large a contribut ion to
the p r o s p e r i t y of Grant' s smelters and to the t e chnologi ca l
evo lu t ion of the industry. Y e t , l ike Anton Eiler s and A l f r e d W.
Geis t b e f o r e him, lies desired an entrepreneurial role. And
Chanute was a pro sperou s Denver banker c l o s e l y connected to
the f i n a n c i a l community in Omaha. Each of these men saw
continued p o t e n t i a l in the growth and p r o s p e r i t y of the silver-
lead i n d u s t r y , and early in 1886 they organized the H o l d e n
S m e l t i n g Company.

T h e n came the ques t ions of l o ca t i on and design. Denver was
an ideal site. Both l i e s and Chanu t e had business connections
there, and the ci ty now had even be t t er railroad service than it
had when Hill and Grant put up the ir p l a n t s . And so Denver
was s e l e c t ed . U s i n g c a p i t a l p r o b a b l y raised by h i m s e l f and
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Chanute , H o l d e n acquired about t h i r t y acres of land near the
Grant works. T h e n l i e s , drawing upon his great experience and
his k n o w l e d g e of the l a t e s t advances in t e c h n o l o g y , de s igned
an integrated sme l t er that was to be the most e f f i c i e n t of its
day, a r e p u t a t i o n it h e ld wel l into the t w e n t i e t h century. S i n c e
l i e s had h e l p e d p l a n the Grant work, it was not s u r p r i s i n g that
his new structure resembled the o l d e r p l a n t , a l t h o u g h his de-
sign c a l l e d for far more mechanizat ion to reduce costs.

W h i l e lies and Chanute did the ir work in Denver, the volu-
ble H o l d e n toured the mining camps in the high country,
n e g o t i a t i n g contract s for mineral. As might have been ex-
pe c t ed of an old ore buyer, he was energetic and s u c c e s s f u l . The
f i r s t s h ipmen t s of rock began arriving on the smel t er grounds
in May, several months b e f o r e lies p l a n n e d to b low in the
s m e l t i n g furnace s . In the search for mineral , the mines of
L e a d v i l l e were p a r t i c u l a r l y important to the f i r m — a s they
were to a l l the v a l l e y sme l t er s except Hill ' s works at Argo—
and the enterpri s e had the good f or tune to enter the L e a d v i l l e
market j u s t when the P u e b l o S m e l t i n g and R e f i n i n g C o m p a n y
los t its corner on high-grade galena. T h i s l a t e r proved perma-
nent, but H o l d e n and his c o l l e a g u e s could not then be sure. To
guarantee themselves adequate s u p p l i e s o f l e a d , they bought
the S i l e n t F r i e n d mine in the Monarch di s tr ic t of the ArkansasV a l l e y .

M e a n w h i l e , l i e s p u s h e d cons truc t ion a l ong s t e a d i l y dur ing
the summer and in to the f a l l . The f i r m acquired good s u p p l i e s
of ore, iron f l u x , and El Moro coke, then in S e p t e m b e r l i e s set
the f i r s t s m e l t i n g unit in b l a s t . He added two more in October
and a f o u r t h in December. E x c e l l e n t p l a n n i n g made op era t i on s
go s m o o t h l y f r o m the b eg inning, and by the end of the year the
H o l d e n sme l t e r had s h i p p e d b u l l i o n worth nearly $533,000 in
s i l v e r , g o l d , and l e a d , a c r e d i t a b l e s howing in so b r i e f ap e r i o d . 2 9

For reasons that have always remained obscure, H o l d e n and
his as sociate s waited unt i l nearly six weeks a f t e r beginning
o p e r a t i o n s to incorpora t e the new venture. Not until October
26 did H o l d e n , C l i n e , l i e s , and Chanut e , as well as J o h n L.
M c N e i l and Samuel A d a m s , set their hands and seals on the
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ar t i c l e s of in c orpora t i on and fix the c a p i t a l i z a t i o n at $300,000.
Of t h i s amount t h e y used about $200,000 to acquire
p r o p e r t y — m e a n i n g the r educ t i on p l a n t — a n d the remaining
$100,000 went to prov id e working c a p i t a l . T h e y also e lec ted
H o l d e n p r e s i d e n t o f t h e corporation. 3 0

W i t h such a p r o p i t i o u s s tar t , H o l d e n and his c o l l e a g u e s ex-
p a n d e d and integrated their opera t ions f u r t h e r in the course of
1887. Much of the actual work f e l l to Malvern W, l i e s . He
direc t ed the cons truc t ion of a mil l for crushing ores and matte ,
bu i l t a d d i t i o n a l r oa s t ing uni t s , and i n s t a l l e d two more b la s t
f u r n a c e s , g iv ing the works a t o ta l of s ix, with an aggregat e
c a p a c i t y o f three hundred tons d a i l y . l ie s also exper imented
with a new process for t r ea t ing zinc-bearing minerals exca-
vated l a r g e l y at L e a d v i l l e , where miners were f i n d i n g these
ores in massive q u a n t i t i e s as they b l a s t e d ever d e e p e r into the
earth in search of s i l v e r and l ead . He had l i t t l e success, but his
e f f o r t s pre saged the day when the indus try would proces s huge
amounts of z inc-bearing rock. The company al so purchased
another f i f t y acres of land where the C o l o r a d o Central Rail-
board bu i l t several mi l e s of s ide track to aid the movement of
ore and f u e l . 3 1

T h e s e improvement s augured well for f u t u r e p r o s p e r i t y ; yet
in the midst of e xpans i on there were s i g n i f i c a n t s h i f t s in man-
agement and owner sh ip . As in any business enterpri s e , growth
required sub s tan t ia l i n f u s i o n s of c a p i t a l , and H o l d e n and his
c o l l e a g u e s borrowed much of what they needed f r o m the Col-
orado N a t i o n a l Bank. At the same t i m e — a n d p e r h a p s as a
cond i t i on of the l o a n s — t w o m a j o r f i g u r e s in the banking indus-
try, Dennis S h e e d y and Char l e s B. K o u n t z e , acquired large
b lo ck s of stock in the company. T h e y saw H o l d e n as a promoter
and s p e c u l a t o r , a r e p u t a t i o n he also had in mining and smel t-
ing circles . S o m e t i m e in 1887, H o l d e n so ld a sub s tant ia l quan-
t i t y of s tock to Meyer Guggenhe im, a L e a d v i l l e mineowner,
and the two men la t er announced p l a n s to bu i ld s t i l l another
s m e l t e r in Denver. T h i s o n l y served to convince S h e e d y ,
K o u n t z e , and others that H o l d e n could not be t r u s t e d , par-
t i c u l a r l y s i n c e h e w a s l e t t i n g t h e p o t e n t i a l c o m p e t i t o r
G u g g e n h e i m s tudy the internal mechanics of o p e r a t i o n . But,
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what was worse, Holden's management had now brought the
company to the verge of bankrupt cy. K o u n t z e had S h e e d y de-
termine if a n y t h i n g could be done to save the en t erpr i s e and
pro t e c t the loans of the bank. And S h e e d y c o n c l u d e d that the
only t h i n g for them to do was to take over the management. As
a r e s u l t , at a spe c ia l mee t ing the d i r e c t or s e l e c t ed S h e e d y pres-
ident of the c o rpora t i on and as a f a c e - sav ing ge s ture r e l e g a t e d
H o l d e n t o th e p o s i t i o n o f general manager. Soon a f t e r , H o l d e n
s o ld hi s remaining interes t and l e f t the f i r m en t i r e ly to j o i nMeyer Guggenheim. 3 2

By his own admi s s i on , S h e e d y "knew no th ing of s m e l t i n g or
ores"; yet this s t o u t , mous tachioed man with a r e c ed ing hair-
l ine had been very s u c c e s s f u l in business. T h o u g h born in I r e -
land in 1846, he had grown up in the U n i t e d S t a t e s , f i r s t in
M a s s a c h u s e t t s and l a t e r in Iowa. He had r e l a t i v e l y l i t t l e f o r-
mal educa t i on , but he had risen through c l e rk ing , f r e i g h t i n g ,
m e r c h a n d i z i n g , c a t t l e r a i s i n g , and b a n k i n g to a p o s i t i o n
among the wea l thy in Denver. He was a s e l f - m a d e man in the
c la s s i c mold of n ine t e enth-century i n d i v i d u a l i s m . When he be-
came p r e s i d e n t of the H o l d e n S m e l t i n g C o m p a n y , he "realized
that to a c c o m p l i s h anyth ing he must master the d e t a i l s of the
industry." Right away he hired a tu tor , and for the next three
years he pursued his "incessant study," reading every book
a v a i l a b l e to acquire a t e chnical and p r a c t i c a b l e knowl edge of
the business. " N i g h t a f t e r night" he s t u d i e d , and day by day hemanaged. 3 3

Once S h e e d y took command, he and his c o l l e a g u e s reor-
ganized the f i r m as the G l o b e S m e l t i n g and R e f i n i n g C o m p a n y .
In the new m a n a g e r i a l s t r u c t u r e C h a n u t e became vice-
p r e s i d e n t , J o h n M. W a l k e r secretary and treasurer, and l ie s
s uper in t enden t of the works. The new d ir e c t ora t e inc luded
Chanute, W a l k e r , H e r m a n and Char l e s B. K o u n t z e , Thomas
H . W o o d e l t o n , W i l l i a m B . Berger ( H i l l ' s s o n - i n - l a w ) , a n d
S h e e d y h i m s e l f . l i e s l o s t his seat on the board, but he remained
with the f i r m and proved es sential to its success in the years
ahead. S h e e d y ' s group a l s o increased t h e c a p i t a l i z a t i o n t o
$1,000,000 and began a new town known as G l o b e v i l l e for their
workers. Later annexed by Denver, this community, inhabited
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i n c r e a s i n g l y by p e o p l e of eastern European origin, became one
of the most f a m o u s ethnic neighborhoods in the city. P o l i s h ,
German, and S l o v e n i a n tongues resounded in the p l a n t s , for
some workers spoke not a word of Engl i sh . And S l a v i c churches
la t e r were bu i l t as the newer immigrants tried to re-create the
customs and t r a d i t i o n s of the old country. In more ways than
one, the G l o b e smel t er j u s t i f i e d i t s name.34

Under Sheedy' s l e a d e r s h i p the enterpri s e sought ou t miner-
als a l ong the eastern s l o p e and in central C o l o r a d o . It invaded
markets on the f o r k s of C l e a r Creek and compe t ed e f f e c t i v e l y
with its r ivals in Denver and Pueb l o for the ou tput of the Mat-
t i e , Lamart ine , and other p r o p e r t i e s . The f i rm also drew heav-
ily on L e a d v i l l e , s t i l l the l e a d i n g mining camp in the high
country, an e f f o r t that put f u r t h e r pressure on the companie s
s t i l l in business there. Sheedy' s f i r m became one o f the f i r s t
s m e l t i n g en t erpr i s e s to proce s s mineral drawn f r o m the Moyer
s h a f t o f the I r o n S i l v e r Mining C o m p a n y , which had d e v e l o p e d
this new bonanza d r i f t as o l d e r ore bod i e s gave out. T h e n as the
C o l o r a d o M i d l a n d and Rio Grande ra i l road s l o o p e d around the
mountains f r o m L e a d v i l l e to Glenwood S p r i n g s and on to
A s p e n , the G l o b e C o m p a n y t a p p e d large quantities o f mineral
f r o m Pitk in County, which went into its boom years in the l a t e
e igh t i e s because of cheaper t r a n s p o r t a t i o n and access to the
L e a d v i l l e and v a l l e y smel t er s . The mines on A s p e n Mountain
and nearby peaks p r o d u c e d riches that even surpassed Lead-
v i l l e for a short time in the early nineties. The G l o b e p l a n t was
both a cause and a b ene f i c iary of the boom.35

S h e e d y and his c o l l e a g u e s e n j o y e d much success in the min-
ing camps of C o l o r a d o , but o p p o r t u n i t y — a n d n e c e s s i t y — d r o v e
them to faraway ore markets, s ometh ing made p o s s i b l e only by
rail transport . The charter of the old H o l d e n f i r m had s p e c i f i e d
that the company would tap mines in New M e x i c o , U t a h , and
I d a h o , whose d i s t r i c t s grew in importance as time passed and
t h e smel t er e x p a n d e d . I d a h o proved p a r t i c u l a r l y s i g n i f i c a n t
because the newly opened p r o p e r t i e s in the Coeur d 'Alene
country, n o t a b l y the Bunker Hill & S u l l i v a n and the T i g e r -
Poorman, o f f e r e d l a r g e q u a n t i t i e s of mineral r e l a t i v e l y low in
s i lver but high in l ead . Because the S i l e n t F r i e n d mine in
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C o l o r a d o f a i l e d to p r o v i d e the p l a n t with enough base me ta l ,
S h e e d y and his c o l l e a g u e s sought the I d a h o produc t to mix
with dry ores coming down f r o m L e a d v i l l e , Breckenridge, and
other camps.

For this very reason the R e p u b l i c of Mexico emerged as an
important source of mineral. The Mexican rail system had
grown at a s lower rate than its American c oun t erpar t , but
it none the l e s s carried increas ing quanti t i e s of h igh-grade
galena north to border towns l ike El Paso, Eag l e Pass , and
Laredo, T e x a s , there to be s h i p p e d f ar th e r north to the G l o b e
smel t er and its rivals. At f i r s t , about 1884, the ores came in a
t r i c k l e — t o use an incongruous m e t a p h o r — b u t by the early
ninetie s Mexican mineral had grown so impor tant to S h e e d y
and his company, and the whole indu s t ry , that he hired Henry
Raup W a g n e r — a Y a l e graduate t ry ing t o avoid f a m i l y pres-
sures to pursue a career in l a w — t o coordinate the f irm's mul-
t i f a r i o u s operat ions in Mexi co . Wagner did such o u t s t a n d i n g
work that he advanced r a p i d l y through the corporate ranks
and later emerged as an impor tant f i g u r e in the indus t ry be-
f o r e turning f r o m "bul l ion to books," as he wrote many years
later.3 6

H a v i n g pro sp er ed for several years, S h e e d y and his as-
sociates f o r m u l a t e d p l a n s to in t egra t e opera t ions even f u r t h e r
by b u i l d i n g a r e f in ery . When they announced their in t en t i on s
in 1890, the e d i t o r s of the Engineering and Mining Journal,
which kep t its eye on all pha s e s of the minerals i n d u s t r y , won-
dered if the e n t e r p r i s e could acquire enough b u l l i o n to make
such a n a d d i t i o n p r o f i t a b l e . T h e G l o b e ' s f urnac e s would never
produce enough b u l l i o n by t h e m s e l v e s , many other r e f i n e r i e s
were in o p e r a t i o n , and the number of sme l t er s was d e c l in ing .
S h e e d y and his c o l l e a g u e s d e layed construction for a time, but
u l t i m a t e l y they were not bothered by the doubt s of other
p e o p l e . In 1891 they borrowed $100,000, and the next year they
broke ground for the r e f i n e r y . Once opera t i on s commenced, the-
f i r m s u p p l e m e n t e d its own b u l l i o n p r o d u c t i o n by reaching out
to garner the p r o d u c t i o n of smel t er s as far away as Wash ington
a n d Mexico. 3 7 " ~ ' ~ "

By 1893 S h e e d y ' s en t erpr i s e had emerged as one of the major
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f o r c e s in the s m e l t i n g indus t ry , the p l a n t h i g h l y i n t e g r a t e d , i t s
opera t i on s f a r f l u n g . W i t h i t s s a m p l i n g and crushing m i l l s ,
roas t ing unit s , b la s t f urnac e s , and r e f in ery , the operat ion in
Denver was an e f f i c i e n t produc er with costs among the lowest
in the business. Sheedy's ore buyers crisscrossed the N o r t h
American mining d i s t r i c t s f r o m southern Canada to central
Mexico and f r o m C o l o r a d o to C a l i f o r n i a . And the a b i l i t i e s of
H o l d e n , S h e e d y , and lies in launching and managing the f i r m
p e r m i t t e d the c i ty of Denver to maintain its p o s i t i o n as the
most impor tan t s m e l t i n g center in the indus try.

D e s p i t e i t s r a p i d growth, the G l o b e enterpri se never over-
took its r iva l , the Grant s m e l t e r , as the larges t producer in
C o l o r a d o . Yet both evolved a l o n g the same p a t h , and on ly a
continuous proce s s of e xpans i on at the Grant works p e r m i t t e d
the smel t er and the c i ty to maintain their c la im to primacy inore r educ t i on.

Early in 1887, s h or t ly a f t e r the G l o b e smel ter came on
stream, E d d y , J a m e s , and Grant began i n s t a l l i n g more roast-
ing units, g iving them a to ta l of twenty-nine , with an aggre-
gate c a p a c i t y o f three hundred tons o f s u l f i d e s d a i l y . The f i r m
also enlarged six of its ten b las t f u r n a c e s , increasing the smel t-
ing capac i ty to about f our hundred tons d a i l y . And it aug-
mented the size of the dust chambers at tached to the s m e l t i n g
units in order to capture larger quant i t i e s of metal v o l a t i l i z e din proce s s ing. 3 8

Like l ie s and his c o l l e a g u e s , E d d y , J a m e s , and Grant l ooked
to new methods of reduct ion in hope of lowering s m e l t i n g costs
and augment ing ore s u p p l i e s . During the summer of 1887 they
e x p l o r e d the p o s s i b i l i t y o f using p e t r o l e u m drawn f r o m F l o r -
ence, C o l o r a d o , as an a l t ernat ive source of energy in at least
some of their operations. Exper imen t s la s t ed several weeks,
but the te s t s revealed that coal , coke, and charcoal were easier
to obtain and more economical to use than "black gold." The
next year E d d y , J a m e s , and Grant turned their a t t e n t i o n to the
p o s s i b i l i t y of r educ ing the zinc-bearing minerals that ham-
pered the s m e l t i n g of s i lv er- l ead ores. In c on junc t i on with the
I r o n S i l v e r M i n i n g C o m p a n y of L e a d v i l l e , they erected an ex-
p e r i m e n t a l m i l l in Denver to remove zinc f r o m ores mined in
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the I r o n S i l v e r tunne l s . The technique e m p l o y e d was a m o d i f i -
cation of the we l l-known P l a t t n e r proc e s s , a method that com-
bined r o a s t i n g , c h l o r i n a t i o n , and e l e c t r o l y s i s to remove zinc
and leave a res idue ready for s m e l t i n g . Both c ompani e s in-
vested sub s tant ia l amounts of c a p i t a l in the venture, but the
p r o j e c t proved f i n a n c i a l l y unsound, and the m i l l had to be
abandoned. 3 9

E d d y , J a m e s , and Grant continued to draw heavi ly on the
ore p r o d u c t i o n of the Rocky Mounta in s . In gross tonnage Lead-
v i l l e remained their most important source of mineral. Even
though carbonates h a d v i r t u a l l y d i s a p p e a r e d f r o m t h e c a m p ' s
o u t p u t , the smel t er purchased huge quant i t i e s o f s u l f i d e s f r o m
p r o p e r t i e s l ike the I b e x , A d a m s , and S i l v e r Cord Combinat ion.
Like their rivals in the G l o b e C o m p a n y , E d d y , J a m e s , and
Grant entered the booming A s p e n market once the C o l o r a d o
M i d l a n d and Rio Grande r a i l r o a d s made it f e a s i b l e to s h i p the
p r o d u c t i o n across the mountains and down to Denver. Grant
even purchased b u l l i o n f r o m the t iny works of the A s p e n Min-
ing and S m e l t i n g C o m p a n y until the f i r m f o u n d i t more p r o f i t -
able to s e l l rather than to proce s s its own ores. In the early
1890s, as C r i p p l e Creek , a new camp s carce ly s e v e n t y - f i v e
mile s southwest of Denver, emerged as the greates t go ld pro-
ducer in the Rocky M o u n t a i n s , Grant and his c o l l e a g u e s f ound
a new source of mineral for the furnac e s in Denver. But thi s
material f e l l into the ca t egory o f dry ores, which c o m p e l l e d the
e n t e r p r i s e to seek ever-larger q u a n t i t i e s of l e a d - b e a r i n g ores
out s ide C o l o r a d o . 4 0

Like their c o u n t e r p a r t s working for other c o m p a n i e s , the ore
buyers of the Omaha and Grant e n t e r p r i s e reached aggres-
s ive ly into d i s tan t markets. When the Bunker Hill & S u l l i v a n
f i r m opened its great veins of s i lver-bearing lead' in northern
I d a h o , Grant and his c o l l e a g u e s secured much of the output
and had it s h i p p e d to Denver and Omaha, mixed with dry ores,
smel t ed to b u l l i o n , and r e f i n e d to metal . R e p r e s e n t a t i v e s of the
company al so bought s i l v e r - l e a d minerals in Utah , N e v a d a ,
C a l i f o r n i a , and New M e x i c o , and on one occasion they even
purchased a small quant i ty of p l a t i n u m rock mined in Wyo-
ming. Reaching beyond the U n i t e d S t a t e s , Grant and his as-
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sociates sent agents into Mexi co , where they nego t ia t ed con-
tracts for high grades of ga l ena to be s h i p p e d north and mixed
with American produc t i on . Y e t , because of the close relat ion-
s h i p the f i r m maintained with the Bunker H i l l & S u l l i v a n and
other s h i p p e r s in I d a h o , the Omaha and Denver sme l t er s never
became as d e p e n d e n t on Mexican minerals as some of theirrivals.4 1

During these years the Omaha and Grant Company enjoyed
a large measure of p r o s p e r i t y . F r o m the time of its organiza-
tion in 1883 through the end of 1890, p r o f i t s f l o w e d into the
treasury, some to be reinvested in the business, some to be pa id
out in d i v i d e n d s . The Denver p l a n t earned $2,095,000, the
Omaha works another $1,614,000, for a total of $3,709,000.
F r o m t h e r e turns Grant a n d h i s c o l l e a g u e s r e i n v e s t e d
$1,100,000 in the e n t e r p r i s e , used another $707,000 to pay
interest on working c a p i t a l , and p a i d out $1,900,000 in div-
id end s . For comparison, the nominal c a p i t a l i z a t i o n of the f i r mwas $2,500,000.42

In the early 1890s Grant and his associates d e c id ed on an
ambit ious program of e x p a n s i o n ; but having taken this deci-
sion they f o u n d th emse lve s needing an es t imated $1,000,000 in
new c a p i t a l . T h e y wanted to renovate both the Denver and the
Omaha p l a n t s and erect an e l e c t r o l y t i c c o p p e r re f inery at the
N e b r a s k a works to s epara t e c o p p e r matte evolved as a by-
produc t in the s m e l t i n g process. The key question f a c i n g Grant
and his c o l l e a g u e s was this: S h o u l d they issue p r e f e r r e d stock
or shou ld th ey se l l bonds? T h e y debated the a l t e rna t iv e s for
some time, f i n a l l y s e t t l i n g upon a f o r a y into the debt mar-kets.43

So large a bond issue, however, could be s o ld only through
investment bankers in the East. A f t e r approach ing a number
of companies , Barton, Grant , and their c o l l eague s agreed to let
the underwri t ing to the f i r m of C l a r k , Dodge & C o m p a n y , a
prominent f i n a n c i a l house in New York. T h i s enterpri se in
turn a p p r o a c h e d Lee, H i g g i n s o n & Company in Boston, and
Blake , Boissevain & C o m p a n y in Amsterdam. W i t h the New
Yorker s t a k i n g the l e a d , the general partners in each concern
made a thorough i n v e s t i g a t i o n of the Omaha and Grant enter-
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prise. T h e y looked at p r o f i t s and p r o s p e c t s , p r o j e c t e d growth
rate, l i a b i l i t i e s , values of p l a n t s and other p r o p e r t i e s , and the
art ic le s of incorporat ion. The record impres s ed the bankers,
and they agreed to market the bonds with an annual interes t
coupon of 6 percent. In return, the Omaha and Grant f i r m
p l a c e d a mor tgage on its two p l a n t s to guarantee the securi t ie s ,
which it e xpe c t ed to pay off in twenty years. The underwri t ing
syndica t e worried about a weakness d e v e l o p i n g in the f i n a n c i a l
markets of Europe , where they in t ended to p l a c e some of the
bonds, but by the end of 1891 C l a r k , Dodge and Company were
ready to s e l l the s ecuri t i e s in New Y o r k , Boston, A m s t e r d a m ,
and London. The s m e l t i n g enterpri s e received the money it
needed the next year.44

Grant and his c o l l eague s then launched their new program.
F i r s t they had to r e incorpora t e the enterpri s e , because the
e x i s t ing charter prevent ed the company f r o m embarking upon
certain avenues of expansion. On January 23, 1892, E d d y ,
J a m e s , and Grant , a l o n g with Barton, N a s h , and others, reor-
ganized the venture as the Omaha and Grant S m e l t i n g Com-
pany. T h e y kept the c a p i t a l i z a t i o n f i x e d at $2,500,000, but the
new charter p e r m i t t e d the en t erpr i s e to acquire coal mines,
stone quarries, and ore-produc ing p r o p e r t i e s and to s e l l s tocks,
bonds, and other securit ie s as well as to purchase those of other
f i r m s . T h e n the f i r m a l l o t t e d i t s new cash: $100,000 for the
c o p p e r r e f i n e r y in Omaha, $400,000 for improvement s to the
Grant works in Denver, and $500,000 for a d d i t i o n a l working
c a p i t a l and the purchase of p r o p e r t y . When c o m p l e t e d , these
improvement s enhanced t h e f i r m ' s p o s i t i o n within t h e indus-
try; yet thi s round of a d d i t i o n s came on the eve of hard times
tha t , p a r a d o x i c a l l y , would open new o p p o r t u n i t i e s for the com-
pany. 4 5

As D e n v e r ' s two s i lver- l ead smel t er s pro spered under the
l e a d e r s h i p of H o l d e n and S h e e d y , Barton and G r a n t , the Bos-
ton and C o l o r a d o S m e l t i n g C o m p a n y maintained i t s s trong
p o s i t i o n under the hand of old and new management. In 1885
N a t h a n i e l P. H i l l ran for r e e l e c t i on to the United S t a t e s S e n a t e
but lo s t his bid for a second term p a r t l y as a result of the
ongoing f e u d between the Argonau t s and the W i n d m i l l s . Bit t er
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in d e f e a t , he decried the "notorious c orrup t i on i s t s of large ex-
perience" who had p r e c i p i t a t e d his d o w n f a l l , but this was l i t t l e
more than a s l a p at the winner, H e n r y M. T e l l e r . N o n e t h e l e s s ,
Hill returned to C o l o r a d o to direct the f o r tune s of the s m e l t i n g
company and undertake other business ventures. Two years
la t er Henry W o l c o t t resigned as manager of the Argo smel t er
to pursue his many interests in mining, at which he was very
s u c c e s s f u l , and to continue his p o l i t i c a l career, at which he was
very u n s u c c e s s f u l — h e lo s t a second bid for the governorship.
W i t h W o l c o t t ' s d e p a r t u r e a f t e r nearly t w o de cade s with t h e
e n t e r p r i s e , Hill named Richard Pearce manager of the Argo
works. C r a w f o r d Hill and H a r o l d V. Pearce also entered the
f irm's service about thi s time. Both worked l a r g e l y as assis-
tants to their f a t h e r s , whom they eventual ly succeeded.46

New f a c e s a l so appeared in the eastern management. During
the e igh t i e s the p r e s i d e n c y passed f r o m J a m e s W. Converse,
ch i e f execut ive of the en t erpr i s e since its inc ep t i on in 1867, to
J . Warren M e r r i l l , J o s e p h Sawyer , a n d f i n a l l y C o s t e l l o Con-
verse, son of the original pr e s i d en t . New i n d i v i d u a l s f r o m the
Boston area took seats on the board of directors . Yet Hill him-
s e l f continued to be the largest s tockholder, though he never
held a high corporate o f f i c e .

The background of the work force also changed during this
time. In earlier years Hill had hired American-born workers to
s u p p l e m e n t a few men who had emigrated f r o m Swansea , but
now he and his managers began to hire p e o p l e f r o m other parts
of Europe , a very large number coming f r o m Scandinavia , par-
t i cu lar ly Sweden, in contrast to the southern and eastern
Europeans going to work in the G l o b e and Grant smelters. Y e t ,
as Hill remembered later, he was careful not to hire too many
men f r o m any one country le s t thi s create a c lannishnes s that
might prove inimical to the interes t s of the company. Many
workers continued to l ive in the tenements or small houses
that the company b u i l t , and their ch i ldr en went to school
across the river in G l o b e v i l l e with the children of smelter
workers at the Grant and G l o b e p lan t s . 4 7

D e s p i t e these changes, Richard Pearce continued his long-
s t a n d i n g e f f o r t s to increase the size and e f f i c i e n c y of the
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F i g . 5. Reverberatory d e v e l o p m e n t at Ar.
dimensions, Richard Pearce enabled the s
lower cost. Reproduced f rom P e t e r s , Mod
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reverberatory furnace s . When Hill and hi s c o l l e a g u e s opened
the p l a n t in 1879, each s m e l t i n g unit had an ore c a p a c i t y of
about twe lve tons a day, the large s t size then in use. But as the
years pa s s ed these m o d e l s proved inadequate because minerals

1891 IB93
F i g . 5. Reverberatory d e v e l o p m e n t at Argo. By increasing the furnace
dimens ions , Richard Pearce enabled the smelter to reduce more 6res~afr
lower cost. Reproduced f r o m Peter s , Modern Copper Smelting, 7th ed.
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de c l in ed in grade , s i l v e r - l e a d smel t er s competed for p y r i t e s ,
and dry ores o f f e r e d a new source if the f i r m could lower its
costs. All thi s c a l l e d for greater unit sme l t ing capaci ty. Pearce
r e s p o n d e d by e x t e n d i n g the l e n g t h and width of the hearth and
increas ing the size of the f i r e b o x and smokestack. T h e s e mod-
i f i c a t i o n s increased the d a i l y c a p a c i t y of each furnace to seven-
teen tons in 1882, t w e n t y - f o u r tons in 1887, t h i r t y - f i v e tons in
1891, and f i f t y tons in 1894. Pearce also began sending inter-
med ia t e p r o d u c t s d i r e c t l y f r o m the roasters to the rever-
beratories ins t ead of a l l o w i n g the mat er ia l s to cool for sam-
p l i n g and mix ing, the normal p r a c t i c e in times p a s t . S u c h
economies of s ca l e p e r m i t t e d the f i r m to lower its unit costs for
f u e l and labor and n a t u r a l l y t rans la t ed into lower reductioncosts per ton of ore.48

The new f u r n a c e s , however, pr e s en t ed Pearce with new chal-
lenges . The common p r a c t i c e for removing s lag was to skim it
f r o m the sur face of the mol ten matte and run it out through the
s l a g g i n g door. But the larger furnace s produced such enormous
quan t i t i e s of waste material that they created prob l ems not
seen in the pas t . If workers ran the mol t en s l ag into sand beds
in f ront of the s m e l t i n g u n i t s — a s was the common p r a c t i c e — i t
made the b u i l d i n g unendurably hot, wasted large amounts of
space as it c o o l e d , and proved expensive to carry out of the
s m e l t i n g house. To solve the p r o b l e m Pearce f i t t e d each fur-
nace with s l a g g i n g doors connected to iron troughs that carried
the m o l t e n waste ou t s ide the b u i l d i n g onto a dump. T h e r e it
s i zz l ed into a so l id mass that H i l l e v e n t u a l l y sold to rai lroad
companies for ba l la s t on their lines. 4 8

Pearce al so evolved new methods for roasting ores b e f o r e
sme l t ing . During the 1880s he r e p l a c e d the o l d - f a s h i o n e d cal-
ciners with B r o w n - A I l e n - O ' H a r r a furnaces that had two
hearths set one above the other. T h e y e l imina t ed the workmen
who rabbled the ore charge, but d e s p i t e the saving in labor the
new roasters needed constant repair because hot s u l f i d e s dam-
aged the moving parts. A f t e r enduring years of f r u s t r a t i o n and
high maintenance cost s , Pearce f i n a l l y des igned the p r o t o t y p e
of what became known as the Pearce turret furnace . T h i s was a
s i g n i f i c a n t improvement. Pearce and C r a w f o r d H i l l sub-
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s equent ly organized a c o rpora t i on to control the pa t en t and s e l l
units to s i lv er- l ead s m e l t e r s , which al so f o u n d the furnace use-
f u l . Later , H e n r y W i l l i a m s and Richard F r a n c i s Pearce, the
i n v e n t o r ' s son, ex t ended the de s ign by a d d i n g tiers that re-
duced the consumption of f u e l . 5 0

The cu lminat ion of P e a r c e ' s t e c h n o l o g i c a l success came in
1888 when he was e lec ted pr e s i d en t of the American I n s t i t u t e
of Mining Engineers. As the t o p i c of his p r e s i d e n t i a l addre s s ,
he chose the Argo proce s s and prov ided the most ar t i cu la t e
discussion o f the method since T h o m a s E g l e s t o n ' s art ic le more
than a decade b e f o r e ; yet for "certain business considerations"
he could not e labora t e on the s u p p o s e d l y secret process. He al so
a l l u d e d to the f a i l u r e of so many small smel ters and the rise of
a few large companie s working in the urban centers of the
W e s t — a case of "the survival of the f i t t e s t . "

P e a r c e ' s achievements in t e c h n o l o g y , combined with d e c l in-
ing e xp end i tur e s for labor and t r a n s p o r t a t i o n , enabled Hill and
his associates to lower their reduct ion cost s , which meant they
could pass on some of the savings to mining companies. (Com-
p e t i t i o n f r o m the s i l v er- l ead proce s sor s also f o r c e d them to do
thi s .) As the e igh t i e s s l i p p e d by, the f i r m increased it s returns
to s h i p p e r s , until by 1889 the en t e rpr i s e bought ores for about
85 percent of their gross value, a remarkable rise f r o m the
ear ly seventies, when Hil l ' s "pay" hovered around 30 perc ent . 5 1

During these years n e w s p a p e r s and trade j o u r n a l s occasion-
a l l y mentioned rumors that Hill and hi s c o l l e a g u e s in t ended to
bu i l d other p l a n t s or enter new a s p e c t s of the r educ t i on indus-
try. As early as 1883 the Mining and Scientific Press r epor t ed
that businessmen f r o m T u c s o n in the Arizona T e r r i t o r y had
a p p r o a c h e d H i l l about b u i l d i n g a smel t er in the sunbaked des-
ert community. The editors were of the op in ion that the f i r m
could " a f f o r d to spare m i l l i o n s without any embarrassment
whatever." F o u r years la t e r , in November 1887, the e d i t o r s of
the Engineering and Mining Journal re layed s p e c u l a t i o n that
the s m e l t i n g company was about to erect b las t furnace s and
move into the s i lver- l ead business, o s t e n s i b l y because H i l l ,
Pearce, and W o l c o t t had invested in certain mining proper t i e s .
About a year a f t e r that , others claimed H i l l was about to aban-
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The Argo sme l t er about 1900. W i l l i a m H. J a c k s o n , p h o t o g r a p h e r .C o l o r a d o H i s t o r i c a l S o c i e t y , Denver.

C h a r g i n g a furnac e at the Argo smel t er . J e s s e D. H a l e , p h o t o g r a p h e rC o l o r a d o H i s t o r i c a l S o c i e t y , Denver. ' " ^ g r a p n e r .
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-gc> s^lte, J e s s e D. H a l e , pho t ographer .

don his p l a n t at A r g o and r e l o c a t e in T r i n i d a d because the
town had made an a t t ra c t iv e o f f e r that inc luded very inexpen-
sive s u p p l i e s of coal. F i n a l l y , in 1889 another story in t imat ed
that H i l l and his a s s o c ia t e s would erect a s i lv er- l ead smel t er in
Roaring F o r k V a l l e y . T h i s p l a n t would proce s s l ow grades o f
ore unable to bear the cost of t ranspor t f r o m the mines of A s p e n
to the furnace s of L e a d v i l l e , Denver, and Pueblo. The men of
Argo did none of these t h i n g s , however, even if they considered
such ventures s erious ly. Many years l a t e r H i l l ' s brother-in-
law, J e s s e D. H a l e , who he ld several managerial p o s t s at A r g o ,
wrote that management was very conservative and in part i c-
ular did not wish to enter the h i g h l y c o m p e t i t i v e lead r educ t i on
industry. 5 2

As the nineties dawned , H i l l and Pearce continued to draw
the bulk of their ore s u p p l i e s f r o m markets in C o l o r a d o . Min-
ing companie s on the f o r k s of C l e a r Creek, the t r a d i t i o n a l
source of mineral, sent c a r l o a d s of pyr i t e s via the C o l o r a d o
Central Railroad down the narrow canyon to the A r g o fur-
naces. And as the years pas s ed H i l l and Pearce compet ed e f f e c -
t i v e l y for the r i s ing ou tpu t o f dry ores s h i p p e d f r o m L e a d v i l l e ,
A s p e n , and other mining camps in the central Rockies. When
C r i p p l e Creek burst into its bonanza days as a f a b u l o u s pro-
ducer of g o l d , H i l l and Pearce found another lucrative source of
mineral very close to Denver.

Y e t , as they had done since the las t years at Black H a w k in
the 1870s, Hill and his c o l l e a g u e s s t i l l drew ores and matte
f r o m d i s tant mining d i s t r i c t s . T h e y signed contracts with com-
panie s working veins and s t o p e s in I d a h o , Utah , N e v a d a , New
M e x i c o , A r i z o n a , and Mexi c o . U n l i k e their rivals in the s i lver-
lead business , Hill and his as soc iate s never had to re ly on the
produc t ion of either I d a h o or Mexico for the base metal essen-
tial in reduction. Yet thi s was small c omfor t . As the years
p a s s e d , the Argo works grew ever more d e p e n d e n t upon the
mines and smelters of Butte , Montana, for c o p p e r e s sential in
what had become known as the Argo process. Hill and Pearce
bought large quant i t i e s of bo th matte and s i l v e r - c o p p e r ores
f r o m the d i s t r i c t , much o f i t coming f r o m W i l l i a m s ' s C o l o r a d o
S m e l t i n g and M i n i n g C o m p a n y or the mines of W i l l i a m Andrews
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The Globe sme l t e r about 1900. W i l l i a m H. J a c k s o n , pho t ographer .C o l o r a d o H i s t o r i c a l S o c i e t y , Denver.

Clark. H i l l also purchased some s u p p l i e s o f matte f r o m silver-
lead smelters who formed it as a by-product in reducingcopper-bear ing ores.53

Even though Hill and Pearce searched far ou t s id e C o l o r a d o
for ores and matte , the value of metal s h i p p e d by the Argo
sme l t er reached a p l a t e a u during the e ightie s . A f t e r rising
s t e a d i l y f r o m the $271,000 worth of matte sent to W a l e s in
1868, the output touched $4,400,000 in 1884, a notable
achievement; but, a f t e r tha t , sh ipment s f r o m Clear Creek and
G i l p i n counties f e l l o f f a n d t h e s m e l t e r ' s p r oduc t i on s l i p p e d t o
$3,700,000 by 1886. From this point Hill and Pearce increased
their o u t p u t , but they f a i l e d to surpass the high of 1884 until
1890, when they marketed s i lver , g o l d , and copper worth
$5,000,000. Produc t ion then rose for two more years, reachingan a l l - t ime peak of $6,060,000 in 1892.54

By the early nineties the names of Hill, Pearce, and W o l c o t t ;

1
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he names of Hill, Pearce, and W o l c o t t ;

E d d y , J a m e s , and Grant; H o l d e n , S h e e d y , and l i e s were f a m i l i a r
in mining camps f r o m C a n a d a to Mexi co and f r o m C o l o r a d o to
Cal i f o rn ia . T h e y had b u i l t l arg e p l a n t s , t a p p e d d i s tant ore mar-
kets, and carried the art and science of ore reduc t ion to its most
advanced degree. Yet, even as they t ran s f ormed Denver into the
great reduct ion center of the high p l a i n s , other smel t ermen
looked to Pueb l o , a hot, du s ty community that envisioned i t s e l f
as "the P i t t s b u r g h of the West."
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his c o l l eague s turned their a t t en t i on to c e n t r a l i z i n g opera t i on s
and coordinating their f a r - f l u n g network of smelters and
re f iner i e s . To f a c i l i t a t e t h e work, they d e l e g a t e d r e s p o n s i b i l i t y
to various groups. Augus t R. Meyer headed the new ore-
purchas ing commit tee , J a m e s B. Grant the o p e r a t i n g commit-
tee, and so on.1

Rather than move to New Y o r k , where the f i r m e s t a b l i s h e d its
corporate o f f i c e s , Grant began r a t i o n a l i z i n g opera t i on s f r o m h i s
old headquarters in Denver. And p erhap s this was a logical
choice, since about h a l f o f ASARCO's p l a n t s were in C o l o r a d o .
Once in charge, Grant and his l i e u t e n a n t s ou t l in ed uni f orm
assaying procedure s , s tandardized ore-purchasing p o l i c i e s , and
apport ioned shipments to various smelters. Soon it became
common f o r G r a n t ' s t r a f f i c d irec tor s t o have large s h i p p e r s l ik e
the I b e x M i n i n g C o m p a n y of L e a d v i l l e send consignments to
four or f i v e d i f f e r e n t p l a n t s . Such prac t i c e s enabled A S A R C O to
carry lower stocks of mineral, yet gave me ta l lurg i s t s greater
f l e x i b i l i t y in p r e p a r i n g reduction charges. The arrangement
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al so f r e ed working cap i ta l that the enterpri s e needed. Yet Grant
and his associates had barely commenced work when they found
themse lve s c on fron t ed by a serious labor d i s p u t e , one that was
to have unfore s e en consequences for A S A R C O . 2

S h o r t l y b e f o r e t h e c o m p a n y ' s f o r m a t i o n , th e Colorado Gen-
eral A s s e m b l y had passed a b i l l g iving workmen an eight-hour
day, and Governor Charl e s S. T h o m a s had signed the measure
into law, taking e f f e c t on J u n e 15,1899. The s tatute was in line
with the national objec t ive s of the labor movement, but the
business community o p p o s e d it with the claim that it was un-
c o n s t i t u t i o n a l for a s ta t e government to r egula t e hours of work.
Yet this was l i t t l e more than a smokescreen to hide the real
issue. T h e s e men were s i m p l y o p p o s e d to organized labor , which
had pu shed the b i l l , and their o p p o s i t i o n took on an emot ional
component because the law drew ardent suppor t f rom the West-
ern F e d e r a t i o n of M i n e r s , a union known throughout the W e s t
for its m i l i t an t pos tures and quasi-soc ial i s t views.

The controversy surrounding the eight-hour statute set the
s tage for a major s t r u g g l e between A S A R C O and it s employee s .
Like most business l eader s in the s t a t e , p a r t i c u l a r l y those in the
minerals indus try, Grant and his c o l l eague s looked askance at
both the eight hour law and organized labor. In part i cu lar , they
o p p o s e d the W e s t e r n F e d e r a t i o n o f Miner s , whose subdiv i s ion,
the M i l l and S m e l t e r w o r k e r s Union, was recruiting members in
t h e c o m p a n y ' s p l a n t s . 3

Somewhat s u r p r i s i n g l y , the c o n f l i c t began in the San J u a n
two weeks b e f o r e the eight-hour b i l l became law. On the morn-
ing of June 1, Frankl in Guiterman posted a notice out l ining the
f irm's p l a n to pay workers on an hourly basis. The company
would not require anyone to work more than the eight hours
s p e c i f i e d by the new s tatute, but each man would have that
op t i on . Once he had po s t ed the notice, Guiterman l e f t Durango
on a business t r i p , but he gave ins truct ions that only he could
countermand the order. T h a t a f t e rnoon a committee f r om the
smel ter workers' local to ld G u i t e r m a n ' s l ieutenants that the
union would go on strike the next day if they did not remove the
no t i c e . G u i t e r m a n ' s s ubord ina t e s , however, either would not or
could not al ter his instructions. W i t h the s i tuation at an im-
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passe,"150 men, nearly the entire work f o r c e , walked off the job
on J u n e 2. Mines in the San J u a n began to close.

During the next two weeks Grant tried to head off a general
strike at the p l a n t s in L e a d v i l l e , Denver, and Pueblo. He and his
c o l l eague s d e c id ed to o f f e r their e m p l o y e e s hourly pay p l u s a 10
percent increase in wages. T h i s in e f f e c t would restore the pay
scale p r e v a i l i n g in 1 8 9 3 — p r o v i d e d each man stayed on the job
for twelve hours. The sme l t e r workers r e j e c t e d the o f f e r . T h e y
wanted A S A R C O to recognize the union, and they wanted to
preserve the e x i s t i n g wage r a t e s — b u t for eight hours' work.
T h i s was not unreasonable, for pay in the indus try was low.
Even so conservative a mining man as J o h n F. C a m p i o n , no
f r i end of labor, thought it would be i m p o s s i b l e for a man to
obtain the necessities of l i f e if the enterprise reduced the wages
of u n s k i l l e d workers f r o m the p r e v a i l i n g scale of $1.75 d a i l y . 4

C a m p i o n ' s views n o t w i t h s t a n d i n g , the men of A S A R C O re-
f u s e d to budge. T h e y thought that any pay increase e x c e ed ing
10 percent would e l iminate p r o f i t s , and, in fa irne s s to them,
their enterpri se was new, its f u t u r e uncertain. But Grant and
his associates were o p p o s e d in p r i n c i p l e to unions, p a r t i c u l a r l y
so mi l i tant an organizat ion as the W e s t e r n F e d e r a t i o n of Min-
ers. For a whole week Grant encouraged discuss ions between
his p l a n t managers and the smel t er workers, but the t a l k s f a i l e d
to break the impasse. When the eight-hour law took e f f e c t on
J u n e 15, a m a j o r i t y of the workmen at L e a d v i l l e , Denver, and
Pueblo took the f u r n a c e s out of b l a s t , then walked out. The
general strike was on.

The s t o p p a g e a f f e c t e d the entire region. The sme l t e r s an-
nounced they would purchase no more f u e l and ore unt i l the
walkout came to an end, a pronouncement that prompted l a y o f f s
in the c o a l f i e l d s and hard-rock mines. One observer went so far
as to predic t that thirty thousand men would be out of work if
the strike l a s t e d more than th ir ty days. Union members
elsewhere in Colorado set up picket lines to show support for the
smel t er workers, whi l e other workmen struck here and there
over the same issues.

But not all the sme l t e r s c l o s ed . In 1893 N a t h a n i e l P. Hill and
his associates had not reduced the wages of their employee s , and
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now in 1899 they .arranged a compromise on the eight-hour
issue a c c e p t a b l e to their workmen. The Argo works remained in
o p e r a t i o n , i t s reverberatories running s t e a d i l y throughout the
summer. And in Pueblo Simon Guggenheim negotiated long
hours with sme l t er workers at the P h i l a d e l p h i a p l a n t as the
f i f t e e n t h of J u n e a p p r o a c h e d . F i n a l l y , on the evening of J u n e 16
the two sides reached a compromise that called for increases in
pay ranging f r o m 25 to 40 p e r c en t , the highest raises going to
the l o w e s t - p a i d . Guggenhe im t e l e g r a p h e d the d e t a i l s to the
f a m i l y o f f i c e s in New Y o r k , then a tense period of waiting
f o l l o w e d as his f a t h e r and brothers considered the pac t . A f t e r
l e n g t h y debate they d e c id ed to accept it. And so during the
summer of 1899 the Guggenhe ims ran their p l a n t at f u l l capac-
ity wh i l e the men of A S A R C O f o u g h t what proved to be a l o n g ,
hard strike.

M e a n w h i l e , e f f o r t s d e v e l o p e d t o re so lve the d i s p u t e between
the " sme l t ing trust" and its e m p l o y e e s . When news of the
G u g g e n h e i m s ' s e t t l e m e n t a p p e a r e d in the press , the smelter
workers union o f f e r e d to end the walkout if A S A R C O would
agree to a s imi lar compromise. But Grant and his c o l l eague s
were unmoved by the sugge s t i on . T h e n the S t a t e F e d e r a t i o n of
Labor o f f e r e d to serve as mediator. In a l e t t e r to Grant the
o r g a n i z a t i o n ' s executive board requested a conference with rep-
re s entat ive s of the s m e l t i n g company not only on b e h a l f of the
s t r iker s , but a l so in the interest of the rai lroad, mining, m i l l i n g ,
and manufac tur ing indus tr i e s who, said the board, found their
p r o s p e r i t y menaced by the c l o s i n g o f ASARCO's p lan t s . Grant
r e p l i e d that he was aware of the "gravity" of the s i tua t ion, but
he t hough t that the "economic condi t i on of the mining and
sme l t ing industry" prec luded any p o s s i b i l i t y of increasing
wages beyond the current o f f e r . He added that he was w i l l i n g to
di s cus s the ques t ion with his e m p l o y e e s , but not with the f ed e r-
ation, since it knew nothing of the reduction business.

Only two days a f t e r the strike began, Governor T h o m a s de-
c ided to intervene because the walkout posed a threat to the
state's economy. On June 17 he a p p o i n t e d a citizens' committee
to l o o k into the d i s p u t e and recommend a so lut ion. T h i s group,
which i n c l u d e d f ormer governor A l v a A d a m s , met with repre-
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s entat ives of both s ides . Grant r e i t era t ed his original propo sa l of
hourly pay with a 20 percent wage increase. The sme l t er work-
ers countered with the G u g g e n h e i m s ' s cale , which would have
prov ided th e s trikers a raise greater than ASARCO's o f f e r bu t
lower than their original demand. The c i t i z e n s ' committee he ld
several more mee t ing s , but when neither s ide showed any w i l l -
ingness for f u r t h e r compromise the group d i s s o l v e d , having
achieved nothing.

As soon as it became obvious that this e f f o r t had f a i l e d — a n d it
became obvious in a very short t i m e — t h e union maneuvered to
bring the S t a t e Board of A r b i t r a t i o n into the d i spute . The Gen-
eral Assembly had created this agency in hope of preventing
strikes and lockouts, and it consisted of three members ap-
pointed by Governor Thomas. On June 28, with the walkout
nearly two weeks o l d , the smelter workers' local in Denver
asked the board to intervene. The next day W i l l i a m F. Hynes ,
secretary of the organization, asked Grant to let the c o n f l i c t be
s e t t l ed by binding arbitration. But Grant remained f i rm in his
position. He repl i ed that the company had no business relations
with the union and that it would not deal with it. The enterprise
intended "to exhaust all l eg i t imat e resources" in resolving the
issues be fore it would resort to a compulsory se t t lement.

The Board of Arbi trat ion then took more f o r c e f u l action. It
had the power to compel witnesses to attend its de l iberat ions
and give tes t imony. When A S A R C O received a subpoena, Grant
announced that the f i r m would c o m p l y , but he insisted that the
enterprise would not be bound by the b o a r d ' s conclusions and
would not recognize the union. The remarks of ASARCO's pres-
ident, Edward W. N a s h , were even more f o r c e f u l . He was quoted
as saying that the f i rm would rather close its doors than to l era t e
such an organization. He and his associates would run the
business to suit themselves and would not accept the dic tat ion of
other parties.

The smelter workers a d o p t e d a more concil iatory a t t i tude , for
they had much to g a i n — a n d A S A R C O much to l o s e — b y the
b o a r d ' s action. The board was at least moderate ly prolabor and,
as in most arbitrations, was l i k e ly to choose a compromise
pos i t ion that would b ene f i t the unionists. T h e y immediate ly
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p r o p o s e d to end the- walkout if A S A R C O would agree to be
bound by the b o a r d ' s f i n d i n g s . But Grant and N a s h r e j e c t e d the
o f f e r . T h e y realized that the committee was l i k e ly to f ind a
m i d d l e ground that would mean an increase in wages beyond
the standard o f f e r and knew that the committee might also force
them to recognize a subdivis ion of the Wes t ern F e d e r a t i o n of
Miners.

W h i l e maneuvering went on in Denver, the strike f ron t began
to crumble. The s m e l t e r workers at the B i - M e t a l l i c p l a n t in
L e a d v i l l e had not j o i n e d the union but had walked out in sym-
p a t h y with their comrades e l sewhere. In l a t e J u n e they d e c i d e d
to abandon the picket lines and return to work on the basis of
ASARCO's s tandard o f f e r , hourly pay and a 10 percent increase
in wages for twelve hours' labor. By early J u l y the smel t ing
company had the f i r s t of its furnace s back in b las t .

About two weeks l a t e r the unioni s t s received a serious blow.
On J u l y 17, the supreme court of the s tate of C o l o r a d o dec lared
the eight-hour law u n c o n s t i t u t i o n a l — j u s t as the more conser-
vative businessmen had contended f r o m the outset. T h i s deci-
sion cut the ground f r o m under the men on the picket l ines . The
strike at the Arkansas V a l l e y plant c o l l a p s e d immediate ly, and
by the end of the month its furnaces were back in b las t . The
Pueblo and Durango works f o l l o w e d quickly.

Yet the Denver smel t ermen continued to hold out. In l a t e J u l y
the Board of A r b i t r a t i o n met with both s ide s and submit t ed a
report c a l l i n g for a compromise. But the f i n d i n g s were not com-
p u l s o r y , and A S A R C O , i t s p o s i t i o n immeasurably strengthened
by the supreme c o u r t ' s deci s ion and the s t r i k e ' s c o l l a p s e
e l s ewhere, r e j e c t e d the p r o p o s a l . The unionists continued to
man the picket lines around the Globe and Grant smelters, but
with their resources nearly exhausted the smel t er workers
could not remain in strike much longer. Two more weeks
passed. T h e n on August 13 the strikers agreed to accept the
firm's o f f e r and de c lared the walkout over. By the end of the
month A S A R C O had put its G l o b e and Grant smelters back in
operat ion.

N a s h and Grant and their associates had d e f e a t e d the un-
ion i s t s , but it was a Pyrrhic victory. The strike had d i s r u p t e d
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the f irm's cash f l o w and e l i m i n a t e d about $380,000 in revenues,
according to one estimate. N a s h and his co l l eagues could ill
a f f o r d so large a l o s s so soon a f t e r the c o m p a n y ' s f o r m a t i o n .
E q u a l l y bad, management had wasted its t ime and energy in
combating a walkout instead of c oncen tra t ing its e f f o r t s on
reorganizing t h e f i r m ' s internal structure. I n r e t r o s p e c t , how-
ever, it is hard to see how the men of A S A R C O could have
reacted d i f f e r e n t l y given their views on the e ight-hour law,
their conviction that the en t e rpr i s e would be doomed if they
made concessions, and their u n y i e l d i n g o p p o s i t i o n to the Wes t -
ern F e d e r a t i o n of Miners. N o n e t h e l e s s , the b i t t er strike of 1899
was only a harbinger of turbulent labor-management confron-
ta t ions that would beleaguer the f i r m in the years to come.5

Once op era t i on s resumed, the l eader s of A S A R C O gave their
f u l l a t t e n t i o n to f o r g i n g a smooth-running i n d u s t r i a l empire out
of the d i s p a r a t e part s they c o n t r o l l e d . T h i s o b j e c t i v e required
the f irm to close many p l a n t s , for the business had excess capac-
i ty, as the smeltermen had l o n g c la imed . N a s h and his col-
leagues began d i s m a n t l i n g seven c o m p l e x e s during the f i r s t
eight months o f th e f i rm' s l i f e , and th e w r e c k e r ' s victims in-
c luded the Hanauer and I b e x smel t er s in the S a l t Lake V a l l e y ,
two p l a n t s in the Chicago area, the Pit t sburgh and El Carmen
works, and the l o n g - i d l e American smel t er in L e a d v i l l e . The
next year N a s h and his c o l l e a g u e s c lo sed both the Union and the
B i - M e t a l l i c p l a n t s in order t o c o n s o l i d a t e the ir L e a d v i l l e opera-
tions at the Arkansas V a l l e y works. N i n e p l a n t s gone in
scarcely one year! Yet all was not destruction. The f i r m had Karl
Ei l e r s bu i ld a large , in t egrated sme l t e r at Murray, Utah . 6

A S A R C O ended i t s t u r b u l e n t f i r s t year with a p r o f i t o f
$3,500,000, a r e l a t i v e l y smal l return on a nominal c a p i t a l i z a -
t ion of $65,000,000. It enabled the company to pay three div-
i d e n d s amounting to $1,500,000 on the p r e f e r r e d s tock, but the
h o l d e r s of common stock received no th ing because the f i r m
needed the rest for p l a n t improvement s and working c a p i t a l .
Yet even this proved inadequate . A S A R C O needed new c a p i t a l ,
a need that pushed N a s h and his a s soc ia te s toward other mer-
gers. On March 20,1900, the d irec tor s authorized the o f f i c e r s to
ascertain the terms and cond i t i on s by which the enterpri se
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might acquire i t s two principal competi tors , Robert S. T o w n e ' s
C o m p a n i a M e t a l l u r g i c a Mexicana and the f i rm of M. Guggen-
h e i m ' s S o n s , both thought to be rich in cash.7

By 1900 Towne had converted "the metallurgical company"
into the large s t integrated mining and sme l t ing f i rm in Mexico .
Us ing cap i ta l f r o m Boston, New York , and Europe, he had
acquired mines, erected a huge smelter at San Luis Poto s i , and
deve l oped several ancillary f i rms , most notably the Mexican
N o r t h e r n Rai lroad. Many thought that Towne' s company had a
strong cash p o s i t i o n , but a c t u a l l y the c o l l a p s e of s i lver had
destroyed T o w n e ' s p r o s p e c t s , f o r c i n g him to sell bonds to pay the
d i v i d e n d s required on the pre f erred and guaranteed stock.
Many shareho lder s were d i s a p p o i n t e d that Towne had not s o l d
his c o n t r o l l i n g interest to the syndicate that created A S A R C O .

How much N a s h and his associates knew about the internal
a f f a i r s of the CMM is not certain , but they must have known a
great d e a l , for Towne and August R. Meyer were directors of
both f irms. N o n e t h e l e s s , James B. Grant visited the mines and
works of the company and examined its books. T h e n he sent his
report to N a s h . As might have been e x p e c t e d , Grant advised
against acquiring the enterprise. His line of reason never ap-
peared in pub l i c , but it seems l ik e ly that he must have noted the
large debt and other o b l i ga t i on s . T o w n e ' s company would only
add to ASARCO's burdens. And there the matter ended. 8

Meanwhi l e , what about the Guggenheims? They had not sold
the f i r m of M. G u g g e n h e i m ' s Sons to the syndicate that created
the " smel t ing trust," a l though they had p a r t i c i p a t e d in the
merger talks. During the negot ia t ions Moore and S c h l e y had
o f f e r e d the f a m i l y about $11,000,000 in the c o m b i n e ' s stock in
exchange for a reduct ion empire es t imated to be worth
$5,000,000 to $8,000,000. It has always been said that Meyer
Guggenhe im o p p o s e d the deal because he did not want to see the
p l a n t s pass into the hands of an enterprise that he and his sons
did not control. T h i s may well be true, but one wonders. The
G u g g e n h e i m s had much more at stake in other quarters.9

Even as A S A R C O came into being, the f a m i l y was engaged in
f o r m i n g a new corporat ion. In February 1899 they obtained the
s u p p o r t of a group of New York and London f inanc i e r s that
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Simon Guggenheim about 1908, while a Uni t ed S t a t e s senator f rom
Colorado . Like N a t h a n i e l P. Hill and James B. Grant, he converted his
success in business into success in p o l i t i c s . C o l o r a d o His t or i ca l S o c i e t y ,
Denver.
included W i l l i a m C. and Harry Payne Whi tney along with Sir
Ernest C a s s e l , and toge ther with them they launched the
Guggenhe im E x p l o r a t i o n C o m p a n y , sometimes known as
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Guggenex. The f a m i l y acquired only about 17 percent of the
o u t s t a n d i n g shares in this venture, but Daniel Guggenhe im and
his brothers directed nearly all operat ions . Over the next few
years this f i rm acquired many mining propert ie s in the United
S t a t e s and M e x i c o , and most of the ores produced went to the
Guggenhe im smelters.

The f a m i l y also b e n e f i t e d f r o m the strike that i d l ed
ASARCO's p l a n t s in the summer of 1899. When the passage of
the e ight-hour law created time and wage questions, S i m o n
G u g g e n h e i m negot ia t ed a s e t t l emen t a c c e p t a b l e to labor and
management. T h i s was f or tunate because it enabled the
P h i l a d e l p h i a smel t er at Pueblo to remain in blast while its
r iva l s in Denver, P u e b l o , and L e a d v i l l e shut down. As a re su l t ,
mining companie s in C o l o r a d o overwhelmed the P h i l a d e l p h i a
works, leaving Simon Guggenheim and his chief lieutenant
Edgar L. Newhou s e with their p i c k of the highest grades of ore
at the most f a v o r a b l e s m e l t i n g rates. By the end of this turbu-
lent year the Guggenheims' empire in metal stood in excellent
f i n a n c i a l c ond i t i on , and the f a m i l y had ready access to the
c a p i t a l markets of New York. 1 0

It was this s trong p o s i t i o n that p r o m p t e d ta lk s between the
Guggenheims and A S A R C O . N e g o t i a t i o n s began in the sum-
mer of 1900, scarcely a year a f t e r the original merger, and in the
f a l l N a s h and hi s associates o f f e r e d the f a m i l y a lucrat ive pack-
age. T h e y would increase ASARCO's nominal capi ta l iza t ion
f r o m $65,000,000 to $100,000,000 then give the Guggenhe ims
$35,000,000 worth of this s t o c k — h a l f in common, h a l f in
p r e f e r r e d — i n return for al l the p l a n t s of M. G u g g e n h e i m ' s Sons ,
"good will," and $7,500,000 in cash or its equivalent. Yet this
o f f e r was not quite so brea th taking in r ea l i ty as it appeared on
p a p e r , and the Guggenhe ims knew it. The market price of
ASARCO's stock was far below the nominal par value of $100
per share, and the f a m i l y had to prov id e $7,500,000 in cash.
S t i l l , the " sme l t ing trust" had tendered far more than Moore
and S c h l e y in 1899. But the Guggenhe ims were in no hurry.
T h e y demurred, and ta lk s were broken off until a f t e r the na-
t ional e l e c t i on s that November .

W i t h Pre s ident W i l l i a m M c K i n l e y a n d h i s Repub l i can s s a f e l y
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re e l e c t ed , the Guggenheims and the management of the Ameri-
can S m e l t i n g and R e f i n i n g C o m p a n y resumed n e g o t i a t i o n s . In
J a n u a r y 1901 they reached a t e n t a t i v e agreement c a l l i n g for
A S A R C O to increase i t s c a p i t a l i z a t i o n f r o m $65,000,000 to
$100,000,000—hal f in pr e f e rr ed stock and ha l f in common. Of
this the Guggenheims would receive the $35,000,000 in new
securities p l u s the $10,000,000 in s tock remaining in the treas-
ury f r o m the time of the original merger two years b e f or e . In
return A S A R C O would obtain the four p l a n t s b e l onging to the
f i rm of M. G u g g e n h e i m ' s Sons p l u s $6,000,000 in cash and
another sum equal to two- th ird s o f ASARCO's working c a p i t a l
as of J a n u a r y 1, 1901, a f i g u r e agreed upon as $6,067,000. Yet
the Guggenheims did not have $12,067,000; so in the set t lement
Henry H. Rogers o f f e r e d to prov ide them with $6,000,000 in
cash in return for the $10,000,000 worth of s tock in ASARCO's
treasury. The merger now lay in the o f f i n g . The f i r s t p u b l i c
indication of what was about to h a p p e n appeared on January 19,
1901, when the direc tor s of A S A R C O c a l l e d for a spe c ia l meet-
ing of the s t o c k h o l d e r s to be h e ld on F e b r u a r y 16 to consider the
acqui s i t ion o f M. G u g g e n h e i m ' s Sons.

Now came the compl i ca t i ons . A f t e r the union, N a s h and
his c o l l eague s intended to market c o p p e r through the
G u g g e n h e i m s ' s e l l i n g agency, which A S A R C O would acquire in
the merger. T h i s was a l o g i c a l d e c i s i on but it was not a c c e p t a b l e
to Rogers and Lewisohn. T h e y wanted to continue h a n d l i n g the
produc t through the ir f i r m , t h e U n i t e d M e t a l s S e l l i n g
C o m p a n y — w h i c h was the reason they had f inanc ed the original
combination. When the Guggenhe ims and ASARCO's man-
agement, now acting in concert, insisted upon using the f a m i l y
agency, Rogers and Lewi sohn resigned f r o m the board of direc-
tors. On F e b r u a r y 15, the day b e f o r e the s t o c k h o l d e r s were to
vote, Rogers and Lewisohn had their l i eu t enant s obtain a tem-
porary injunc t ion f o r b i d d i n g the merger on the grounds that it
would produce a m o n o p o l y in restraint of trade. A day la t er the
j u d g e m o d i f i e d his ru l ing to permit the shareholder s to vote on
the p r o p o s e d c o n s o l i d a t i o n on the condit ion that should it be
a p p r o v e d — a n d it w a s — t h e union should not go into e f f e c t until
the New J e r s e y courts should try the case.
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During the next two months the adversaries maneuvered on
two l e v e l s . T h e y conte s ted the i n j u n c t i o n p u b l i c l y in the New
J e r s e y courts, a l though the question of m o n o p o l y in no way
resembled the real issue. At the same time Daniel Guggenhe im,
N a s h , and their c o l l e a g u e s quiet ly negotiated with Rogers and
Lewisohn. In the midst of these del iberations a lower court
denied the injunct ion on March 2, but Rogers and Lewisohn had
their l ieutenants appeal the decision.

The climax to the s truggle came on the a f t e rnoon of A p r i l 18.
Guggenhe im, Rogers, and their associates resumed the c landes-
tine t a l k s at the law o f f i c e s of Samue l Untermeyer , who h a n d l e d
much of the G u g g e n h e i m s ' l egal work. Both s ides were ap-
proach ing an agreement, and di s cus s ions continued into the
evening at D e l m o n i c o ' s , a posh restaurant in New York. There
the two groups resolved their d i f f e r e n c e s . The men of A S A R C O
agreed to grant the United Meta l s company a five-year contract
for the sale of copper. T h i s arrangement would be more expen-
sive than s e l l ing through the Guggenhims' agency, but at least
the s m e l t i n g enterpri s e would receive a greater return than
be f or e . Rogers received f r o m the Guggenhe ims $10,000,000 in
ASARCO's stock and p r o v i d e d them with the $6,000,000 they
needed to c o m p l e t e their ob l iga t ions . Rogers and Lewisohn then
withdrew the suit, but by then it no longer mat t ered , for the
New Jer s ey courts had denied the appeal earlier in the day. On
the night of A p r i l 18 ASARCO's representatives f i l e d the appro-
priate papers in the state capi to l at Trenton. 1 1

Once the stock transfers had been compl e t ed , the Guggen-
heims took control of the enterprise. Daniel was elected chair-
man of the board of d irec tor s and chairman of the executive
committee. He would b e ch i e f architect o f t h e f i rm' s d e s t i n y f or
the next two decades . His brothers Simon, Morris, Isaac , and
S o l o m o n also took seats in the directorate. Nash remained pres-
ident , but overnight he found his role diminished. Isaac replaced
Winthrop E. Dwight as treasurer, and Solomon superseded Au-
gust R. Meyer as chief of the ore purchasing committee. Meyer
retained his seat in the directorate, but as time pas sed he had
l e s s and le s s to do with entrepreneur ia l a f f a i r s . J a m e s B. Grant
and A n t o n E i l e r s he ld their po s i t i on s . 1 2
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Under the l e a d e r s h i p of Daniel Guggenhe im, the American

S m e l t i n g and R e f i n i n g Company continued the reorganiza-
tion launched by N a s h and his associates . To coordinat e all
opera t i on s in the Rocky M o u n t a i n region, G u g g e n h e i m had the
f i rm e s t a b l i s h a W e s t e r n Execut ive C o m m i t t e e , i n i t i a l l y headed
by Grant. When he had a heart a t tack in 1902, the en t erpr i s e
re formed this loose organiza t i on into i n d i v i d u a l d e p a r t m e n t s .
Frankl in Guiterman emerged as general manager of the Col-
orado Department and became the f irm's chie f opera t iv e in the
Rocky Mountains . 1 3

During this time zinc assumed a far more important role than
previous ly. For d e cade s the sme l t e r s had p e n a l i z e d ores h o l d i n g
even small quantities of the metal because it in t er f e r ed with the
f o r m a t i o n of s i lver- l ead b u l l i o n . In the l a t e ninet ie s , however,
the price of zinc had risen sharp ly because of an increase in
demand and the e f f o r t s of producer s in Missouri to restrict their
ou tpu t . The s i t ua t i on had p r o m p t e d 0. E. J a c o b s o n & C o m p a n y
of New Y o r k to sh ip smal l consignments of ore f r o m the h igh
country via G a l v e s t o n , T e x a s , to a sme l t er at N u r p e l t , Belgium.
As the experiment returned a p r o f i t , the J a c o b s o n enterpri se
began s h i p p i n g large quant i t i e s of mineral drawn f r o m the
s h a f t s and s topes of the A. Y., Minnie, Maid of Erin, Iron S i l v e r ,
and other mines at L e a d v i l l e . T h i s s i t ua t i on resembled the one
p r e v a i l i n g in the minerals indu s t ry many years b e f o r e , and of
course it was not to l a s t . 1 4

The G u g g e n h e i m s , who s t i l l owned the A. Y. and M i n n i e
mines, saw the po t ent ia l for p r o f i t in treat ing zinc ores in the
Unit ed S t a t e s . In J u n e 1901, s h o r t l y a f t e r they merged the ir
in t ere s t s with the " sme l t ing trust," the major f i g u r e s in the
combine formed a sub s id iary c o r p o r a t i o n , the U n i t e d S t a t e s
Zinc C o m p a n y , s e t t i n g the c a p i t a l i z a t i o n at $1,000,000.
A S A R C O acquired the c o n t r o l l i n g interest and la t er bought all
the o u t s t a n d i n g stock. Daniel Guggenhe im was e l e c t ed the f i r s t
pres ident but later gave way to Nash. Grant became agent in
C o l o r a d o , but a f t e r his heart at tack he turned his respon-
s i b i l i t i e s over to Guiterman. 1 5

It took Guggenhe im, N a s h , and Grant another two years to
get their p r o j e c t e d p l a n t on stream. K n o w i n g that ore s u p p l i e s
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would come pr imari ly f r o m L e a d v i l l e , they dec ided to erect the
works o u t s i d e P u e b l o and in t egrat e opera t i ons with their three
smelters in town. Then for technology. Because no one employed
by A S A R C O had much, if any, experience with the methods to
be used, Guggenheim and his associates looked to Europe for the
m e t a l l u r g i s t s who would i n s t a l l what was known as the Belgian
retort process . In the f a l l o f 1901 J o s e p h S c h u l t e and K.
S u h l b e r g arrived in Pueb lo to d u p l i c a t e the t e c h n o l o g y used at
N u r p e l t , Belgium. S i m o n Guggenhe im la t er claimed that the
p l a n t was " l a r g e l y in the nature of an experiment"; but in f a c t
the U n i t e d S t a t e s f i r m chose proved equ ipmen t , i n s t a l l e d and
run by e xp er t s . 1 6

Not until J u n e 8, 1903, did the company open its works at
B l e n d e , a new town that took its name f r o m a charac t er i s t i c zinc
ore. The p l a n t had a c a p a c i t y of s i x ty tons d a i l y and produced a
compound known as s p e l t e r , which averaged about 88 percent
zinc. T h i s th e p l a n t s h i p p e d east f or marketing. The residue
consi s ted of another produc t about 10 percent lead and 3 to 5
percent zinc that was sent p r i m a r i l y to the Ei l er s sme l t er for
f u r t h e r working.1 7

Once it was in o p e r a t i o n , N a s h and his associates kept the
Blende p l a n t running s t e a d i l y . The zinc p r o d u c t i o n of mines in
the h igh country rose s h a r p l y during these years, and L e a d v i l l e
took the l ead. P r o p e r t i e s l ik e the A. Y., Minnie , I b e x , and Yak
put out new riches. N a s h and his c o l l e a g u e s e x p a n d e d their
c a p a c i t y to keep pace with p r o d u c t i o n , but d e s p i t e their e f f o r t s
they could proces s only a small p o r t i o n of the ou tpu t because of
s t rong rivals in C o l o r a d o , K a n s a s , and Missouri. N o n e t h e l e s s ,
the p r o d u c t i o n of s p e l t e r rose s t e a d i l y until 1907, when a f i n a n -
cial crisis p r e c i p i t a t e d a sharp de c l ine in zinc prices and f o r c ed
many s h i p p e r s to close. N a s h and his associates cut wages in an
e f f o r t to maintain p r o f i t margins. Two years later this p r o m p t e d
a s tr ike as the e m p l o y e e s walked out in hope of regaining the old
wage scale.

The U n i t e d S t a t e s Z i n c Company provided a smal l bu t s i g n i f i -
cant a d d i t i o n t o ASARCO's business. The metal gave th e parent
f i r m another p r o d u c t to market , and the p l a n t increased the lead
s u p p l i e s o f the P u e b l o s m e l t e r s , which always needed the
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base metal to c o l l e c t s i lver . Yet the works al so augmented
A S A R C O ' s drive f o r i n t e g r a t i o n , since t h e bu lk o f t h e o r e
s u p p l i e s came f r o m mines c o n t r o l l e d by the W e s t e r n M i n i n g
C o m p a n y , another sub s id iary of the " s m e l t i n g trust." The ac-
t i v i t i e s o f the U n i t e d S t a t e s enterpri s e r epre s ent ed another
American e f f o r t t o draw upon the t e c h n o l o g y o f E u r o p e — a n o ld
theme, to be sure, but one that was to continue well into the
twent i e th century. 1 8

As the Blende p lant came into being, the men of A S A R C O
continued to in t egra t e o p e r a t i o n s by f o r m i n g another enter-
p r i s e — t h e Carbon Coal & Coke Company. The chief responsi-
b i l i t y f e l l t o F r a n k l i n Gui t e rman, then emerging a s A S A R C O ' s
chief manager in Colorado . Under his direction Carbon Coal &
Coke acquired a large mineral d e p o s i t in a p l a c e known as
Rei l ly Canyon, about seven miles southwest of T r i n i d a d in the
S p a n i s h Peaks region. Guiterman opened the mines, erected a
washery, and bui l t a coking p l a n t that ev en tua l ly consis ted of
350 beehive ovens. To guarantee the works a s t eady s u p p l y of
labor , Gui t erman had the f i r m construct a company town
known as C o k e d a l e , which had 1,300 inhab i tan t s by 1909.19

M e a n w h i l e , the G u g g e n h e i m s and their associates continued
to s treamline their main o p e r a t i o n s by p h a s i n g out ob so l e s c ent
or unneeded smel t er s and r e f i n e r i e s . In 1901 the e n t e r p r i s e
closed the Great F a l l s , Mingo , and A r g e n t i n e p l a n t s in the
Uni t ed S t a t e s and the smal l A n t o f o g a s t a works in C h i l e . The
next year the f i r m shut down the Germania and P h i l a d e l p h i a
sme l t e r s , a l t h o u g h the l a t t e r continued working smal l quan-
t i t i e s of c o p p e r mineral s until 1905, three years a f t e r i t s last
sh ipment o f s i l v e r - l e a d b u l l i o n . Y e t K a r l E i l e r s f i n a l l y opened
a large , in t egrated smelter at Murray, Utah, and this p l a n t
took po s s e s s i on of the ore s h ipmen t s that had p r e v i o u s l y gone
to the old p l a n t s in the S a l t Lake V a l l e y . 2 0

By the end of 1901, A S A R C O v i r t u a l l y c o n t r o l l e d the market
for C o l o r a d o ' s produc t i on of sme l t ing ores. The Argo works and
a few other f i r m s o f f e r e d a measure of c o m p e t i t i o n for certain
classes of mineral, but these enterprises had r e la t iv e ly small
capac i t i e s in compari son with their giant rival. ASARCO's
managers regulated the output of the mines and sometimes
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increased reduction charges, which contributed to more f r i c t i o n
between miners and smelters . T h r o u g h o u t the high country,
many mineowners and managers d e p l o r e d the c o m p a n y ' s
preeminence and c a l l e d for new smel ter construction to combat
the inequi t i e s of the "trust." Others wanted the f e d e r a l govern-
ment to "bust" the combine, which one man claims was "crush-
ing the l i f e out of the mining i n d u s t r y " — a s he wrote President
T h e o d o r e Roosevelt.2 1

Yet no one dep lored ASARCO's pos i t ion when the f i rm raised
its ore prices. Early in 1903 the enterprise passed on to mining
companies a general advance in the price of lead. T h i s stimu-
lated produc t i on f rom marginal proper t i e s at L e a d v i l l e , A s p e n ,
S i l v e r t o n , and other camps and provided greater p r o f i t s for the
large s h i p p e r s who were the mainstay of the corporation. But
changes in the ore s ch edu l e s were h a r d l y a l t r u i s t i c . T h e enter-
prise c o n t r o l l e d about 80 percent of American lead p r o d u c t i o n ,
and f l u c t u a t i o n s in the pay to mining companies t ended to
r e f l e c t t h e f i r m ' s desire t o s t ab i l i z e prices. 2 2

But if mineowners were p l e a s e d by this turn of events, labor
was not. S m e l t e r workers s t i l l wanted higher pay, shorter
hours, and better working c o n d i t i o n s , and in 1903 these ob j e c-
tives p r e c i p i t a t e d another imbrog l i o between A S A R C O and its
employee s . T h i s time the trouble was c on f ined to Denver. The
pre l iminarie s began on the f i r s t of May when the mill and
smelter workers' union voted to demand an eight-hour day at
the Glob e and Grant works, but no one expected A S A R C O to
accede without a struggle. To increase their negotiating
s trength, union leaders spent the next six weeks recruiting new
members and preparing for an almost inevitable strike. Then on
June 17 a committee of the local p o l i t e l y opened the issue by
s ending a l e t t er to F r a n k l i n Guiterman, now head of the Col-
orado d e p a r t m e n t , headquartered in Denver. T h e y requested
that the f i r m grant all its e m p l o y e e s an eight-hour day on the
grounds that other smelter workers had it and that furnace
work was both hazardous and u n h e a l t h f u l . T h e y asked the f i r m
to c o m p l y by J u l y 1.

Guit erman was out of town on business when the l e t t e r arrived
at his o f f i c e s , and nearly two weeks pa s s ed be fore he r e p l i e d . In a
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note to the l o c a l , he emphas iz ed that A S A R C O did not recognize
a u n i o n — w h i c h was the s tandard p o s i t i o n of the f i rm. T h e n he
took up the question of the eight-hour day. He po in t ed out that
three-quarters of C o l o r a d o ' s sme l t ing ores came from j u s t three
c a m p s — L e a d v i l l e , A s p e n , and C r e e d e — b u t since 1900 their
gross tonnage had f a l l e n 20 percent , c o u p l e d with another 15
percent d e c l ine in s i lver content. A d d i n g to these p r o b l e m s , said
Guiterman, was a decrease in the value of s i lver i t s e l f . To
operate under such condit ions and prevent mines f r om closing,
the management had found it necessary to lower reduction costs
and s m e l t i n g f e e s through close working and better mineral
di s tr ibut ion. In l i g h t of thi s , he had to deny the u n i o n ' s request
on the grounds that an eight-hour day would increase sme l t ing
costs, these would have to be passed along to mining companies,
and thus many f irms would have to cease production.

W i t h G u i t e r m a n ' s d e n i a l , p o l i t e exchanges gave way to mil i-
tant action, as both s ide s revealed their hard a t t i t u d e . On the
evening of J u l y 3, union members gathered at the Elyria town
hall and voted overwhelmingly to strike the Grant and Globe
smelters. S h o r t l y a f t e r the meeting, a small group of men,
perhap s twelve to twenty, marched to the Grant works. T h e r e
they induced two hundred workers on the night s h i f t to j o i n the
walkout. In an orderly f a s h i o n the f i r e s were drawn and the
electric l i gh t s turned o f f , a l though it has always remained un-
clear whether someone used the master switch or s i m p l y cut the
cable. What workers, if any, wanted to remain on the job had to
leave because of darkness.

F r o m the Grant works the strikers headed toward the G l o b e
smelter, but now, according to p u b l i s h e d accounts, they degen-
erated into an uncon tro l l ed mob. As they reached the G l o b e
p l a n t , they encountered a wire f e n c e , but this proved a small
deterrent. The unionists stormed the gate s , broke through, and
entered the smelter, where they convinced the night s h i f t to j o in
the walkout. Most workers did so because they belonged to the
l o c a l , but several who wished to remain on the job were beaten
up. As the men l e f t the p l a n t , the night s u p e r i n t e n d e n t and
some clerical workers managed to draw metal f r om two fur-
naces, but that was al l . Three others "froze up."
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V i o l e n c e p l a y e d l i t t l e part in the rest of the s tr ike , but it had
a l r e a d y de s t royed th e u n i o n ' s p u b l i c image, cos t ing th e workers
dearly. T h r o u g h o u t C o l o r a d o the press denounced such out-
bursts as i n t o l e r a b l e and direc ted strong criticism at the local.
E q u a l l y bad, the violence re inforced the smelter owners' view
that war pr eva i l ed between the company and the union. There
could be no compromise. Grant h i m s e l f declared that he and his
c o l l eague s were "in the f i g h t and wil l be there at the f i n i s h .
What is the use of g iv ing in?"

Both s id e s then maneuvered for advantage , but A S A R C O had
the u p p e r hand. The walkout i d l e d 775 men, a good p o r t i o n of
whom set up p i cke t l ine s around the Grant and G l o b e p l a n t s . On
J u l y 7, f o u r days a f t e r the s trike began, Guiterman obtained an
i n j u n c t i o n that p r o h i b i t e d p i c k e t i n g by the M i l l and S m e l t e r -
workers l o ca l as well as by the parent W e s t e r n F e d e r a t i o n of
Miner s , the American Labor Union, the Denver T r a d e s and
Labor A s s e m b l y , and the C o l o r a d o S t a t e F e d e r a t i o n of Labor.
T h i s i n j u n c t i o n also accused the union o f f i c e r s of conspiring to
thwart opera t ions o f t h e smel t er s . S i m u l t a n e o u s l y , D e n v e r ' s
u l t racons erva t ive , antiunion C i t i z e n s ' Protec t ive A l l i a n c e o f -
f e r e d to h e l p prosecute " lawbreaker s"—meaning s t r i k e r s — a n d
recruit nonunion workers.

Maneuvering ex t ended far beyond Denver. Even though the
f i r m had c lo s ed several of its C o l o r a d o sme l t er s , it s t i l l had
excess c a p a c i t y . To o u t f l a n k th e strikers, t r a f f i c d irec tor s d i -
verted ore s h ipment s d e s t in ed for Denver to p l a n t s in L e a d v i l l e ,
P u e b l o , and Durango. Once the unionists realized that the con-
tinued opera t i on of these sme l t er s j e o p a r d i z e d the s trike, they
d i s p a t c h e d r epre s en ta t ive s to per suade f e l l o w workers to j o i n
the s t o p p a g e . But ASARCO's managers countered this move by
convincing other employee s to remain on the job and abide by
the d e c i s i on reached in Denver. C i t i z e n s ' a l l i a n c e s also harassed
union organizers and drove them out of town. The Wes t ern
F e d e r a t i o n of Miners managed to s tage a sympathy strike in
C r i p p l e Creek, and two- th ird s of the work for c e t e m p o r a r i l y
shut down the Durango smel t er , but these events had l i t t l e
i n f l u e n c e on the s i t ua t i on in Denver.

Guiterman put greater pressure on the strikers during the
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tense summer months. Two weeks a f t e r the walkout began, he
reopened the G l o b e works with t w e n t y - f i v e nonunion men pro-
t ec ted by the Denver p o l i c e . Lat er he tried to import s trike-
breakers, an e f f o r t that f a i l e d . T h e n came a draconian move.
The f i r m announced that it had de c ided to c lo s e the Grant
sme l t e r p e rmanen t ly in c o n j u n c t i o n with its desire to stream-
l ine operat ions and phas e out ob so l e s c ent p l a n t s . T h i s may have
been true, but it struck a hard blow at the s tr iker s , for in one
s w i f t s troke A S A R C O had e l i m i n a t e d 475 j o b s . The G l o b e workshad only 300 po s i t i on s .

Yet the strike continued. Summer gave way to f a l l , and f a l l
dragged on into w i n t e r — a l ong time to be out of work—and time
was on ASARCO's side. As the unionists exhausted their re-
sources, some r e a p p l i e d for j o b s . By November Guiterman had
four s m e l t i n g units back in blas t at the G l o b e p l a n t . Opera t i on s
soon returned to normal, and the walkout withered away. Onlybi t t ernes s remained. 2 3

By the end of 1903 the American S m e l t i n g and R e f i n i n g
C o m p a n y had s h a r p l y a l t er ed the c o m p l e x i o n of the reduct ion
indu s t ry in C o l o r a d o . The f i r m had c o n s o l i d a t e d i t s op era t i on s
at the Arkansas V a l l e y , E i l e r s , P u e b l o , G l o b e , and Durango
works. Gone f r o m the business in the span of f our years were the
Grant , P h i l a d e l p h i a , and B i - M e t a l l i c p l a n t s that had been im-
por tant in western ore r educ t i on for nearly two decades .
A S A R C O had on ly two r ival s of any consequence: the old Boston
and C o l o r a d o S m e l t i n g C o m p a n y and the new Ohio and C o l -orado S m e l t i n g Company.

Yet even now ASARCO's ore buyers cou ld not f i n d enough
mineral to keep al l the f u r n a c e s in b l a s t . The f i r m o f f e r e d to pa s s
at least a p o r t i o n of its lower reduc t ion costs on to mining
ent erpr i s e s , b u t thi s f a i l e d t o s t i m u l a t e produc t i on . T h e s t a t e ' s
ou tpu t remained high, but the s h ipmen t s of r e l a t i v e l y high-
grade ores able to pay the cost of t r a n s p o r t a t i o n and reduc t ion
by the s m e l t i n g proces s were on the dec l ine . Newer t e c h n o l o g i e s
l ike ore f l o t a t i o n and cyanida t i on were coming into their own as
the best ways for t r e a t i n g low-grade mineral. T h e s e trends
became ever more pronounced in the next few years.24

M e a n w h i l e , as the C o l o r a d o depar tment c o n s o l i d a t e d opera-
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t i on s , contended with labor unions, and tried to increase ore
p r o d u c t i o n , AS ARC 0 received a threat to its p r o s p e r i t y , if not
survival, f r o m another quarter. Early in 1903 Charl e s Sweeny,
a controversial promoter, raineowner, and entrepreneur in the
Coeur d 'Alene , conceived the idea o f uni t ing the ma jor mining
companies of northern I d a h o into a s ing l e enterprise. S u c h a
combination had much to recommend it, for this h y p o t h e t i c a l
corporat ion might deal f i r m l y with the truculent W e s t e r n F e d -
eration of Miners and might nego t ia t e a far more lucrat ive
reduc t i on contract with the American S m e l t i n g and R e f i n i n g
Company. S w e e n y did not have enough money to undertake
such a venture, but he thought the man who did was J o h n D.
R o c k e f e l l e r , the best-known businessman in America. Not only
did the oil magnate have what seemed to Sweeny unl imi t ed
f i n a n c i a l resources, but, more i m p o r t a n t , everyone in the
N o r t h w e s t knew that R o c k e f e l l e r had invested heavi ly in the
mineral s industry. Sweeny l o g i c a l l y assumed that he might be
interes ted in the scheme.25

Early in 1903 Sweeny trave l ed to New York. He had hopes of
p e r s u a d i n g R o c k e f e l l e r to f i n a n c e the combination, but he was
never to see him. I n s t e a d , it took Sweeny about two weeks to
obtain an a p p o i n t m e n t with F r e d e r i c k T. Gate s , R o c k e f e l l e r ' s
l i eu t enant in charge of all inves tments in the P a c i f i c N o r t h w e s t ;
and it was to G a t e s , a B a p t i s t minister turned businessman,
that S w e e n y ou t l in ed his p l a n . Gate s f ound the scheme attrac-
t ive, and so did J o h n D. R o c k e f e l l e r , J r . , who was t ak ing over
many of h i s fa ther ' s business interes t s . A f t e r t a lk s with the
persuasive Sweeny, they recommended that R o c k e f e l l e r f i n a n c ethe combination.

But J o h n D. R o c k e f e l l e r was o p p o s e d , and for good reason. In
the early 1890s the investment banking house of C o l b y , H o y t &
C o m p a n y had persuaded him to purchase large b lock s of stock in
several mining companies owning claims at Monte Cr i s t o ,
W a s h i n g t o n . To integrate op era t i on s , R o c k e f e l l e r had f i n a n c e d
the cons truct ion of a concentrator in the mining town, a railroad
f r o m there to t i d e w a t e r , and a sme l t er ou t s ide the city of
Evere t t . U n f o r t u n a t e l y , the mining engineer who assessed the
Monte C r i s t o p r o p e r t i e s had made an egregious error. The veins
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pinched out a short distance below the surface , and the mines
proved nearly wor th l e s s . N o t h i n g e x c ep t red ink f l o w e d into the
R o c k e f e l l e r o f f i c e s in New York. By the time S w e e n y appear ed
in 1903, R o c k e f e l l e r had writ ten off more than $850,000 in
losses . He was u n d e r s t a n d a b l y reluctant when his son and
Gates relayed the d e t a i l s o f S w e e n y ' s p l a n , which cal l ed for the
investment of several m i l l i o n d o l l a r s . 2 6

D e s p i t e thi s r e luc tance , G a t e s and the younger R o c k e f e l l e r
were convinced that S w e e n y ' s des ign would solve the p r o b l e m s
in W a s h i n g t o n . The Coeur d'Alene mines were great produc er s ,
their ores might make the E verett smelter p r o f i t a b l e for the f ir s t
time, and at the l eas t the p r o p o s e d corporat ion would take over
the smel t er , the concentrator , and the d r e a d f u l mines at Monte
Cristo. At last Gat e s and the younger R o c k e f e l l e r per suaded the
oil magnate to f i n a n c e the combinat ion, but only on condi t i on
that other prominent businessmen would invest as wel l , the
most prominent of these b e ing George J. G o u l d , who c o n t r o l l e d
the Rio Grande Railroad and who would be e xpe c t ed to give the
new enterpri s e f a v o r a b l e f r e i g h t rates. G o u l d consented. 2 7

Once the senior R o c k e f e l l e r gave his r e luc tant assent, events
moved forward. S u p p l e m e n t i n g his own network of connections
with c a p i t a l f r o m R o c k e f e l l e r , Sweeny purchased o p t i o n s on the
S t a n d a r d , Mammoth, and Empir e S t a t e - I d a h o mining com-
panies. S i m u l t a n e o u s l y , Gat e s and the younger R o c k e f e l l e r or-
ganized the F e d e r a l M i n i n g and S m e l t i n g C o m p a n y . On J u l y
24,1903, th i s f i r m obtained a p e r p e t u a l charter f r o m the state of
Delaware. P r e p a r a t i o n s continued over the summer, then in
S e p t e m b e r F e d e r a l took p o s s e s s i o n of every important mine in
t h e Coeur d ' A l e n e excep t t h e f a m o u s Bunker H i l l & S u l l i v a n .
Sweeny emerged as p r e s i d e n t of the combine, but the real con-
trol lay in the hands of the R o c k e f e l l e r group.

Daniel Guggenhe im and his a s soc iate s at A S A R C O viewed
the f o r m a t i o n of F e d e r a l as ominous. T h e y realized that by
control l ing more than h a l f the known reserves of I d a h o , Federa l
could demand a far more l u c r a t i v e s m e l t i n g contract than could
its pr ede c e s s or s . Yet this was the l eas t of their worries. Far more
unnerving was the sudden appearance of rumors that Sweeny
and the R o c k e f e l l e r s were about to enter the reduct ion indus try
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on a grand scale. T h i s was a virtual death threat to A S A R C O ,
because its p l a n t s in C o l o r a d o , U t a h , and other states d e p e n d e d
to a great extent upon the Coeur d'Alene for lead essential in
s m e l t i n g dry ores. Federal's smel t er at Everett was a rival of
l i t t l e c o n s e q u e n c e — s m a l l , i s o l a t e d , u n d e r c a p i t a l i z e d — b u t i f
Sweeny and his f i n a n c i a l s u p p o r t e r s integrated their operations
forward into ore reduc t ion, as was sugge s t ed by the firm's name,
A S A R C O might well be doomed. And N a s h , Grant , E i l e r s , and
the G u g g e n h e i m s all knew it.2 8

In this por t en tou s s i t ua t i on Daniel Guggenhe im and his as-
sociates had to deal with the R o c k e f e l l e r g r o u p — o r so they
thought . During the summer G u g g e n h e i m and other corporate
o f f i c i a l s had "a c c id en ta l ly" met Sweeny on the s treets of New
Y o r k to sound out his intent ions . Yet these men were no f o o l s .
T h e y perce ived that the real power lay in the hands of Gate s and
the younger R o c k e f e l l e r . Daniel Guggenhe im arranged a series
of a p p o i n t m e n t s with R o c k e f e l l e r ' s son. The truth was that J o h n
D. R o c k e f e l l e r had no intent ion of entering the reduction indus-
try; in f a c t , he had consented to s u p p o r t F e d e r a l l a r g e l y to create
a vehic le with which to extricate h i m s e l f f r om a business in
which he had lo s t hundred s of thousands of d o l l a r s . But the men
of A S A R C O could not know this. J o h n D. R o c k e f e l l e r , Jr., drove
a hard bargain. He and Guggenhe im negot ia t ed a f ive-year
contract by which A S A R C O granted F e d e r a l a lucrative smel t-
ing rate, p l a c e d no re s tr i c t ions on produc t i on , routed the ores
over rai lroads c on t ro l l ed by G o u l d , and leased the Everett
works, which the "trust" soon purchased outright under the
terms of the agreement. In return, the Guggenheims bound
themse lve s not to purchase any mines in the Coeur d ' A l e n e —
meaning the Bunker Hill & S u l l i v a n — f o r another two years.29

T h i s arrangement proved s a t i s f a c t o r y for a time. Sweeny
s h i p p e d huge tonnages o f mineral, which prov id ed A S A R C O ' s
smelters in C o l o r a d o , Utah, and elsewhere with the lead essen-
tial in working dry ores. Yet the s i tuat ion continued to worry
A S A R C O because the R o c k e f e l l e r s might yet take F e d e r a l into
the r educ t i on industry. Rumors c irculated to this e f f e c t , and
Sweeny t a l k e d o p e n l y about p l a n s to do so. S c a r c e l y anyone
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knew that the R o c k e f e l l e r s had no intp r o j e c t .

In l i g h t o f the unconfirmed r epor t s ,
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roved s a t i s f a c t o r y for a time. Sweeny
of mineral, which provided ASARCO's

' tah, and elsewhere with the lead essen-
s. Yet the s i tua t i on continued to worry
l o c k e f e l l e r s might yet take F e d e r a l into
. Rumors c irculated to this e f f e c t , and
about p l a n s to do so. S c a r c e l y anyone
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knew that the R o c k e f e l l e r s had no in t ent ion of pur su ing such a
p r o j e c t .

In l i g h t of the u n c o n f i r m e d r e p o r t s , Daniel Guggenhe im once
again in i t ia t ed t a l k s with J o h n D. R o c k e f e l l e r , Jr. , this t ime
with an eye to acquiring control of F e d e r a l . As the negot iat ions
proceeded early in 1905, both par t i e s began buying the com-
pany's common shares, which had been l i s t e d on the New Y o r k
S t o c k Exchange. T h i s c o m p e t i t i o n , c o u p l e d with a general up-
trend in the market, drove the price of Federal's common stock
to new h e igh t s , but in the quest for control the R o c k e f e l l e r s had
the advantage. By F e b r u a r y 1905 they garnered an ab so lu t e
majori ty. T h e n came the c l imax to the s t r u g g l e . In a f i n a l round
of t a lk s with J o h n D. R o c k e f e l l e r , J r . , Daniel Guggenhe im
agreed to pay $120 a share, or about $3,300,000, for the nearly
27,500 shares he ld by the R o c k e f e l l e r group. Yet Guggenhe im
did not have thi s much cash on hand; so in the f i n a l t ransac t ion
the oil magnate d e c i d e d to accept $1,300,000 in cash and lend
the smelterman the remainder. On March 16, 1905, Charles
Sweeny de l ivered 28,105 shares of Federal' s common stock to
Guggenhe im in return for $3,372,600, of which R o c k e f e l l e r re-
ceived $2,200,600.3 0

A S A R C O , however, did not take direct control of F e d e r a l .
A short time b e f o r e Daniel Guggenhe im consummated the
agreement with the R o c k e f e l l e r s , he and his as soc iate s or-
ganized a subsidiary corporation known as the American S m e l -
ters E x p l o r a t i o n C o m p a n y , which had a l i f e s pan o f o n l y three
weeks b e f o r e it was reorganized as the American S m e l t e r s Se-
curities Company. T h i s en t erpr i s e took po s s e s s i on o f F e d e r a l .
Sweeny continued as p r e s i d e n t because the G u g g e n h e i m s
t hough t he was a good mining man, but as b e f o r e the real control
lay in New Y o r k — o n l y now i t re s ided in ASARCO's o f f i c e s at
120 Broadway.

Once they took p o s s e s s i o n of F e d e r a l , the Guggenheims
moved to assure A S A R C O of c o m p l e t e supremacy in the Coeur
d ' A l e n e . T h i s meant c o n t r o l l i n g t h e p r o d u c t i o n o f t h e Bunker
H i l l & S u l l i v a n C o m p a n y , the only major f i r m in northern I d a h o
beyond Federa l ' s domain. A f t e r winding up h i s t a lk s with th e
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R o c k e f e l l e r s , Daniel Guggenhe im turned his s k i l l s in negotia-
tion here, and soon A S A R C O signed a twenty-f ive-year contract
with the Bunker Hill & S u l l i v a n , thus heading of f po t en t ia l
c ompe t i t o r s and insuring its smelters of adequate s u p p l i e s of
high-grade lead ores for years to come.31

H a v i n g secured their northern f l a n k , Guggenheim and his
associates used th e Secur i t i e s Company t o extend ASARCO's
control over the mining and s m e l t i n g industries. Even as Daniel
Guggenhe im n e g o t i a t e d for the acqui s i t ion of F e d e r a l , he and
his co l l eague s employed Bernard Baruch, then known as a
shrewd W a l l S t r e e t inves tor, to purchase the c o n t r o l l i n g inter-
est in two other reduct ion f i r m s , the Tacoma S m e l t i n g and
R e f i n i n g C o m p a n y of W a s h i n g t o n and the S e l b y S m e l t i n g and
Lead C o m p a n y of C a l i f o r n i a . Not on ly did the Secur i t i e s enter-
pri s e take over these c o r p o r a t i o n s , it al so purchased the major-
ity interes t in the G u g g e n h e i m E x p l o r a t i o n Company, whose
subs id iary, the W e s t e r n Mining C o m p a n y , contro l l ed the U t e ,
U l a y , Auri c , and S i l v e r K i n g mines in the San J u a n country, the
A. Y., Minnie , A d a m s , Maid of Erin, and W o l f t o n e proper t i e s in
L e a d v i l l e , and even more valuable ore d e p o s i t s in Mexico. 3 2

During these turbulent years the old Arkansas V a l l e y works
d e e p in the Rocky Mountains , ten thousand f e e t above sea l e v e l ,
emerged as ASARCO's most important smelter in C o l o r a d o .
Even b e f o r e the Guggenhe ims brought their capi tal and exper-
tise into the f i r m , N a s h and the original management had in-
creased the plant ' s a b i l i t y to proce s s the ever-lower grades o f
mineral coming f r o m mines in the high country. Late in 1900
the company a p p r o p r i a t e d a sum estimated at $325,000 to in-
s t a l l a d d i t i o n a l roas t ing and sme l t ing units. The task of making
the improvements f e l l to J u l i u s Rodman, who replaced J o s e p h
H. W e d d l e as manager about this time. When c o m p l e t e d , the
new furnace s gave the p l a n t a c a p a c i t y of about one thousand
tons da i ly . 3 3

Once the Guggenhe ims entered A S A R C O , they kept the AV
works running at f u l l capac i ty , a l t h o u g h there were changes in
personnel and pract ice s . R o d m a n ' s tenure at the smel t er was
short. When he l e f t to assume a p o s i t i o n with the W e s t e r n
M i n i n g C o m p a n y , the f i r m r e p l a c e d him with W i l l i a m B.
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M c D o n a l d . Like h i s predece s sor , M c D o n a l d proved re source fu l
in o p e r a t i n g the p l a n t , but l i k e other smeltermen pas t and
f u t u r e he f ound h i m s e l f unable to overcome d i s s a t i s f a c t i o n in
the mining community, thi s time created when higher l e v e l s of
management n o t i f i e d s h i p p e r s in L e a d v i l l e that in the fu ture
the sme l t e r assays would prevail on all ore consignments unless
there were huge d i s c r epanc i e s in de t erminat ions . In this case
McDonald would send ore s a m p l e s to Denver for the dec i s ion of
an umpire. Some produc er s l ik e the important I b e x Mining
C o m p a n y thought th i s a r b i t r a r y — a consequence of m o n o p o l y
— a n d they ceased opera t i on in pro t e s t . One mineowner com-
pla ined that ASARCO's new system nearly always meant a
j u d g m e n t in the s m e l t e r ' s favor. Such p r o t e s t a t i o n s , however,
were always t e m p o r a r y — n o p r o f i t s came f r o m shuttered
m i n e s — a n d the AV works continued its s t eady reduct ion of a
thousand tons d a i l y d e s p i t e the grumbl ing s of the mining indus-
try.34

Like these s hu tdowns , the b i t t e r strike at the Denver smel-
ters in 1903 had l i t t l e real e f f e c t on M c D o n a l d ' s operations.
Union r epre s en ta t iv e s arrived in L e a d v i l l e to per suade workers
at the AV p l a n t to j o i n the wa lkou t , but those e f f o r t s f a i l e d .
M c D o n a l d kept the works o p e r a t i n g at capac i ty throughout the
d i s p u t e . Guiterman and the t r a f f i c managers rerouted some ore
sh ipment s to L e a d v i l l e , and a f t e r a time this did create some
aberration in M c D o n a l d ' s p lans . By S e p t e m b e r , s u l f i d e sh ip-
ments had grown so heavy that ore cars choked the plant's
railroad f a c i l i t i e s , f o r c i n g M c D o n a l d to d e c l ine f u r t h e r con-
s ignments , which in turn c o m p e l l e d several mines to close. 3 5

Even a f t e r s m e l t i n g o p e r a t i o n s returned to normal,
M c D o n a l d s t i l l had p r o b l e m s with excess s u l f i d e s . During the
winter of .1904, he had to s low opera t i on s when s i l i c i ou s ores
sent to be mixed with s u l f i d e s h a p p e n e d to f r e e z e aboard rail-
road cars because of a labor scarci ty that some a t t r i bu t ed to the
f i rm' s l ow wages. A f ew months l a t e r an accident a t th e p lant ' s
power source c o m p e l l e d M c D o n a l d to curtail work at the s u l f i d e
mil l . S o o n the ore bins o v e r f l o w e d with f i f t e e n thousand tons of
mineral. M c D o n a l d asked the I b e x , Yak, I r o n S i l v e r , and other
large producers to restrict their o u t p u t , but they kept right on
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s h i p p i n g according to contract. T h e n Guiterman took to his pen.
He p o i n t e d out to one m i n e o w n e r — J o h n Campion of the Ibex—
that such huge consignments were causing the AV works to
incur "extraordinary expenses" that narrowed p r o f i t margins.
W o u l d the mine restrict i t s ou tpu t? But G u i t e r m a n ' s p l e a s
aroused no more s y m p a t h y than M c D o n a l d ' s . Men l i k e Campion
en joyed ASARCO's p l i g h t and went right on s h i p p i n g . To com-
pound the p r o b l e m , M c D o n a l d had to contend with a strike by
wheelers and weighers who wanted an eight-hour day, but the
walkout ended qu i ck ly with the twelve-hour s h i f t intact. 3 6

S o o n the G u g g e n h e i m s and their as soc iate s d e c i d e d to in-
crease the c a p a c i t y of the AV works, a dec i s ion p r o m p t e d l a r g e l y
by the r i s ing p r o d u c t i o n of low-grade s u l f i d e ores in L e a d v i l l e . In
the f a l l o f 1905 the f i r m a p p r o p r i a t e d enough c a p i t a l for
M c D o n a l d to erect two more b la s t f urnac e s and enlarge several
others. T h e n came new t e chno l ogy . During the winter the men
of AS ARC 0 i n s t a l l e d the H u n t i n g t o n - H e b e r l e i n proce s s ,
another European d e v e l o p m e n t to which the enterpri s e had
purchased the exclusive pa t en t r igh t s in the Uni t ed S t a t e s and
Mexico. T h i s method involved a f o r m of b la s t roas t ing that
lowered the cost of p r e p a r i n g s u l f i d e s for smel t ing. To make
room for the new system, M c D o n a l d had to d i smant l e several old
roasters. Output f e l l for a t ime, but by the spring of 1906 the
works had a capac i ty of 1,400 tons d a i l y , or about 500,000 tonsyearly. 3 7

T h e s e a d d i t i o n s n o t w i t h s t a n d i n g , M c D o n a l d s t i l l f ound him-
s e l f d e l u g e d by s u l f i d e s . In s p i t e o f d e c l i n i n g p r o d u c t i o n here
and there, L e a d v i l l e and other mining camps sent huge ton-
nages to the Arkansas V a l l e y works, and McDonald could
never f i n d enough s i l i c iou s ores to mix with them in pr epar ing
furnace s charges. In May 1906 many employee s l e f t to f i n d
more lucrat ive work in U t a h and I d a h o , and ores p i l e d up more
r a p i d l y than McDonald could have them smel t ed . T h i s
p r o m p t e d Guiterman to write another round of l e t t e r s asking
A S A R C O ' s " f r i e n d s , t h e large sh ipper s" t o restrict their ou tpu t
because of the " f r i g h t f u l accumulation" of s u l f i d e s . A d d i n g to
th i s , he s a i d , the r a i l r o a d s were hounding the f i r m to unload its
ore cars. Yet the " fr i ends" k ep t s h i p p i n g according to contract ,
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and the s i t ua t i on grew worse. By J u l y nearly one-third of the
work f o r c e had d e p a r t e d , and M c D o n a l d had to take several
furnac e s out of b la s t and run at three-quarters capac i ty . 3 8

T h i s s i t ua t i on continued into 1907. In J a n u a r y Guiterman
r e l u c t a n t l y diverted some s h i p m e n t s to the G l o b e sme l t e r in
Denver, but the ores were so low in grade that they bare ly paid
t h e f r e i g h t t a r i f f . T h i s e f f o r t n o t w i t h s t a n d i n g , M c D o n a l d s t i l l
f ound h i m s e l f unable to proces s the huge quant i t i e s of mineral
s h i p p e d to the AV works for reduction. As a result the ra i lroads
charged the company $14,000 in p e n a l t y f e e s for f a i l i n g to un-
load ore cars. When the d i f f i c u l t y p e r s i s t e d , Guiterman cut off
the small s h i p p e r s e n t i r e l y , and several mines had to close
because they had no other market than the Arkansas V a l l e y
smelter. 3 9

Yet the p r o b l e m of excess ores ended la t e r that year. A new
f i n a n c i a l crisis that g r i p p e d the nation contributed to sharp
dec l ine s in the price s of s i lver , l e a d , c o p p e r , and zinc. A S A R C O
met the s i tuat ion by reduc ing its own returns on mineral, and
many producers had to shut down because they could not oper-
ate p r o f i t a b l y . Even when metal values rose two years la t er in
1909 and 1910, many p o t e n t i a l s h i p p e r s remained c l o s ed , par-
t i c u l a r l y the s m a l l e r o u t f i t s that could not b e n e f i t f r o m
economies of scale in ore produc t i on. L e a d v i l l e was at last on the
wane as a mining camp, and a f t e r 1907 the Arkansa s V a l l e y
sme l t e r rarely worked at f u l l c apac i ty . 4 0

T h e G l o b e p l a n t , meanwhi l e , pursued a somewhat d i f f e r e n t
course. A f t e r the l ong s trike of 1903 it resumed op era t i on s as
ASARCO's only sme l t e r in the c i ty o f Denver. As b e f o r e , i t
c ompet ed with the A r g o sme l t e r in the Clear Creek ore markets,
drew other mineral f r o m the central Rockies, t a p p e d C r i p p l e
Creek for s i l i c iou s ores, and reached across the continent for its
remaining materials . And as b e f o r e , it got its e s sential s u p p l i e s
of l ead f r o m mines in the Coeur d'Alene, a s i t ua t i on made easier
once A S A R C O took control o f the F e d e r a l M i n i n g and S m e l t i n g
C o m p a n y . By 1906 the G l o b e works, now under the manage-
ment of F r e d e r i c k Roeser, turned out 1,800 tons of b u l l i o n
and another 200 tons of l e a d - c o p p e r matte monthly. A n d , what
was more, the p l a n t had the lowest sme l t ing costs of any in
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ASARCO's empire. T h e s e expense s became even less when the
f i r m i n s t a l l e d the H u n t i n g t o n - H e b e r l e i n process a few years
later.

Yet, i f sme l t ing operations remained e s s e n t i a l l y the same,
r e f i n i n g changed to a remarkable degree. The Globe had its own
s e p a r a t i n g p l a n t , the one bui l t by Dennis S h e e d y and Malvern
W. l ie s back in the early 1890s, but in the reorganizat ion that
f o l l o w e d the creation of A S A R C O , Grant and his associates
d e c i d e d to phas e out the r e f i n e r y and send the b u l l i o n to Omaha
for fur ther working. The bu i ld ing s remained, however, and
a f t e r Gui t e rman became head of the C o l o r a d o d e p a r t m e n t , he
had new equipment i n s t a l l e d so that the works could recover
cadmium, t h a l l i u m , and indium compounds captured in the bag
houses used in a l l th e f i rm' s smel t er s . 4 1

A f t e r 1907 the G u g g e n h e i m s , Guiterman, and the other man-
agers of A S A R C O f o u n d themse lve s in an a l t e r ed p o s i t i o n vis-
a-vis their C o l o r a d o smelters. The gross ore produc t ion of the
high country remained s t eady, but the quanti ty of s i lver and
lead in every ton de c l ined s h a r p l y , as did the market value of the
two me ta l s . Over the next few years mining companies l ike the
Ibex and Yak increased their output of c ompl ex zinc ores, keep-
ing that indus try alive and masking the dec l ine of the more
t r a d i t i o n a l elements. To process b l e n d e and other f o r m s of zinc-
bearing rock, rival ent erpr i s e s erected p l a n t s in Oklahoma,
K a n s a s , T e x a s , I l l i n o i s , and other states. All these works
s h i p p e d large amounts of s i l v e r- c opper- l ead compounds back to
ASARCO's smel t er s in C o l o r a d o f or reduct ion, bu t th e altered
s u p p l i e s of ore and new t e chnologi e s for h a n d l i n g low-grade
minerals changed the role of the sme l t ing industry. 4 2

In the years that f o l l o w e d the recession of 1907 and 1908,
ASARCO's p l a n t s in C o l o r a d o rarely operated a t capaci ty. The
G l o b e smel ter used about three or four of its seven blast fur-
naces, and the company lowered its wage scale in an e f f o r t to
maintain p r o f i t margins. T h i s led to short-lived strikes in 1910
and 1913 as the e m p l o y e e s tried u n s u c c e s s f u l l y to regain what
they had lo s t . In P u e b l o the enterpri s e closed the old Eilers p l a n t
in 1908, twenty-f ive years a f t e r the famous smelterman and his
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co l l eague s had broken ground. T h i s l e f t only the old works bui l t
by M a t h e r and Geist in P u e b l o , but in s p i t e of the s h a r p l y
decreased c a p a c i t y the smel t er rarely e m p l o y e d more than three
or f o u r of its s m e l t i n g units. The Durango p l a n t cut back to one
furnace. The Arkansas V a l l e y works maintained the large s t
c a p a c i t y of any C o l o r a d o sme l t er , but rarely did the p l a n t have
more than f i v e units in b l a s t — h a l f of those avai lab l e . Even the
high me ta l s prices created by W o r l d War I f a i l e d to re susc i tate
the indus try. Other f i rms with d i f f e r e n t t e chno logy received
what b e n e f i t s the c o n f l i c t created.4 3

The Guggenhe ims and their associates could do l i t t l e to pre-
vent the c o l l a p s e o f ASARCO's or e markets. In J u l y 1908
Guiterman wrote one mineowner that "for the f i r s t time in the
s m e l t i n g business I f e e l mys e l f kind of grop ing in the dark." A
year and a h a l f la t er George E. C o l l i n s , another mining man,
observed that one looked in vain for signs of p r o s p e r i t y , present
or p r o s p e c t i v e , in the industry. He knew that A S A R C O and its
few remaining rivals needed new mining di s tr i c t s to provide
add i t i ona l s u p p l i e s of ore, but he saw l i t t l e chance of this hap-
pening. P r o s p e c t i n g was not energetic. 4 4

As Denver saw its s m e l t i n g indus try c o l l a p s e , the Chamber of
Commerce a p p o i n t e d a sp e c ia l committee headed by Guiterman
to inve s t iga t e the d e c l i n e and recommend measures to reverse
the t r e n d . - I n N o v e m b e r 1910 he f i l e d his r e p o r t — n o t a p r o p i -
t ious one. Not s u r p r i s i n g l y , he reviewed the s t e a d y decreases in
m i l l i n g and s m e l t i n g charges made over the years. T h e n he
concluded with "di sheartening d i s a p p o i n t m e n t " that lower re-
duct ion costs had not stemmed the d e c l i n e of the mining busi-
ness. P r o s p e c t i n g had nearly ceased, and, what was worse, the
ore bodies that had sustained the minerals indus try for d e cade s
were now v i r t u a l l y exhausted. 4 5

By the onset of W o r l d War I nearly all the men who had
guided the indus try had pas s ed f r o m the scene. Malvern W. l i e s
had died in 1900; Edwin Harr i s on in 1902; August R. Meyer,
Edward W. N a s h , and Meyer Guggenheim in 1905; J a m e s B.
Grant in 1911; and Benjamin Guggenhe im in 1912. Edward R.
H o l d e n and A l f r e d W. Geis t had vanished. Anton Eiler s and

i
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Franz F o h r had retired in the East , August H. Raht in San
F r a n c i s c o , and Otto H. Hahn in Germany, but they would all
die b e f o r e the guns of W o r l d War I grew silent. Only Daniel
Guggenheim and his surviving brothers, members of a younger
g e n e r a t i o n , r e m a i n e d . T h e y c o n t r o l l e d t h e remnant o f
A S A R C O ' s C o l o r a d o empire f r o m their o f f i c e s i n N e w York.

C h a p t e r 10
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C h a p t e r 10
"Groping in the Dark"

J P R A N K L I N t j U I T E R M A N M A Y H A V E V I E W E D T H E S M E L T I N G
indus try with "di sheartening d i s a p p o i n t m e n t " when he sur-
veyed the f i e l d in 1910, but the same sent iments must have been
f e l t in other quarters wel l b e f o r e then. The early twent ie th
century brought even more c h a l l e n g i n g times to an a lr eady
hard-pres s ed business. Yet the f ew remaining i n d e p e n d e n t s
k ep t on working at least for a t ime, while new entrepreneurs
s t i l l s a w — o r though t they s a w — p o t e n t i a l p r o f i t s i n r educ ing
the lower and lower grades of ore coming f r o m the high country
mines.

In the early years of the century C r a w f o r d H i l l became the
ch i e f architect in s h a p i n g the d e s t iny of the Boston and C o l o r a d o
S m e l t i n g Company, t h e s t a t e ' s o ld e s t reduct ion f irm. H e h a d
assumed an ever larger ro le in deci s ion-making during his
father's las t i l l n e s s , but he had never held an o f f i c i a l p o s i t i o n in
the corporate structure. Once he took over f u l l r e s p o n s i b i l i t y for
western opera t ions , he i m m e d i a t e l y sought to c l a r i f y his role in
management. In l e t t e r s to company o f f i c e r s in Boston he
sugge s t ed that the board a p p o i n t him resident director, p a r t l y
on the grounds that the f i r m was a C o l o r a d o ) corporat ion even
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though most of its s tockholders lived in New England. T h i s
recommendation met with a f a v o r a b l e response, and the board
named him to the po s i t i on , much to Hill' s sa t i s fa c t i on . 1

T h e n came another question. Somet ime during the ninet ie s
N a t h a n i e l P. H i l l had lent the corporation $275,000 for im-
provements to the Argo works. He had not ins i s t ed upon a
f o r m a l s ch edu l e for repayment of p r i n c i p a l and intere s t , l a r g e l y
because he had known the o f f i c e r s and directors for many years.
Convinced of the ir f r i e n d s h i p and in t egr i ty , he had been content
to accept checks in varying amounts from time to time.

T h i s arrangement, however, was not a c c e p t a b l e to C r a w f o r d
H i l l . He saw the pre s id en t , C o s t e l l o Converse, and other corpo-
rate o f f i c i a l s in Boston pr imar i ly as business as sociate s , not as
f r i e n d s of l ong s tanding. Thus he wanted the enterprise to estab-
l i s h a s p e c i f i c t i m e t a b l e by which it would repay this large debt
to the f a m i l y , and to this end he wrote George D. Edmands , the
treasurer, that the H i l l s wanted quarterly interest paid on the
o u t s t a n d i n g notes. The question of money proved harder to
resolve than the question of re s ident director, but a f t e r a year of
p r o p o s a l s and c o u n t e r p r o p o s a l s the Boston and C o l o r a d o f i r m
agreed to exchange the Hills' outs tanding notes for a new issue
that carried annual interest of 4 percent paid quarterly. 2

The death of Nathani e l P. H i l l was a s igni f i cant hour in the
v e n t u r e ' s evo lu t i on , but another of equal importance came in
J u l y 1901 when Richard Pearce resigned as manager of the
Argo works. A f t e r nearly thir ty years in the c o m p a n y ' s service
this had been a hard choice, and Crawford Hill f ound the Cor-
nishman "very unse t t l ed" over his dec i s ion to terminate so long
an association. Yet Pearce was now in his sixty-third year, the
p r o s p e c t s of the f i r m appeared c loudy, and he may well have
seen 1901 as a good time to make the inevi table severance.

Yet if Pearce saw this as a good time for him to retire, com-
pany o f f i c i a l s in Boston did not. T h e y d e layed action on his
resignation for several months. The reason was s imple . Trou-
b l ed over the f irm's d e c l i n i n g p r o s p e r i t y , Converse and others in
the eastern management were beginning to question the integ-
rity o f t h e western s t a f f . P e a r c e ' s retirement looked suspicious.
In N o v e m b e r , a f t e r an unseemly period o f inaction, Hill f i n a l l y
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urged Converse to have the board of d irec tor s a d o p t "very strong
re so lu t ions o f d e e p regret" over the C o r n i s h m a n ' s departure.
P r o d d i n g brought resul t s . The direc tor s f i n a l l y pas s ed a resolu-
tion e xpr e s s ing their gra t i t ud e to Pearce, while both Converse
and Moses P. W h i t e , the corporate secretary, wrote personal
l e t t e r s to the re t ir ing manager. Whe th er Pearce ever learned
about the f l u r r y of s u s p i c i o n is a matter of c on j e c tur e , but it was
un for tuna t e that such sugge s t i ons marred the exit of a man who
had long p l a y e d so large a role in the firm's success.3

D e s p i t e his l ong years of residence in the United S t a t e s ,
Pearce had never acquired American c i t i z e n s h i p , and early in
1902 he returned to Great Britain. He intended to spend his
remaining years in ret irement, but his reputat ion in me ta l lurgy
brought an end to these p lan s . S o o n a f t e r his return a sme l t ing
enterprise lured him into managing a p l a n t in L i v e r p o o l . He
also received an o f f e r to stand for Parl iament , a l though this
o p p o r t u n i t y he d e c l i n e d . Pearce worked several more years in
L i v e r p o o l , then retired and moved to London. Here he lived out
his last years, dying in 1927 a few months b e f o r e his e ighty-
e ighth birthday. 4

In the meantime, as Pearce conc luded his a s soc iat ion with the
Boston and C o l o r a d o C o m p a n y , H i l l perceived that the f i rm had
entered a new economic environment. A S A R C O , of course, was
a strong c o m p e t i t o r , s tronger than anyone the enterpri s e had
yet encountered, but t h i s was o n l y one dimension to the new
scenario. What h e ld ever greater p o r t e n t was the s t e a d i l y erod-
ing p r o d u c t i o n of mines on the f o r k s of C l e a r Creek, the smel-
t e r ' s ch i e f market. H i l l r ea l ized that t h e d e c l ine f o r e s h a d o w e d
an end to the p r o s p e r i t y of the f i r m . In thi s l i g h t he and the
eastern management conc luded that it might be best to sel l the
Argo works b e f o r e p r o f i t s turned into losses.

T h i s dec i s ion p r o m p t e d t a l k s with th e American S m e l t i n g
and R e f i n i n g Company. In the summer of 1901 Converse and his
eastern associates a p p r o a c h e d A S A B . C O and nego t ia t i on s en-
sued, but the two sides f a i l e d to reach agreement, if indeed they
ever bargained serious ly. H o p e for a sale appeared gone, but in
N o v e m b e r , months a f t e r t a l k s in the East had come to a f r u i t l e s s
end, H i l l reported that the Guggenhe ims ' manager in Denver
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had mentioned i n f o r m a l l y that he wished to inspec t the Argo
works and examine the books. H i l l did not name the man, but he
was probab ly either J a m e s B. Grant or F r a n k l i n Guiterman.
Hill was rather surprised. He f i n a l l y resolved to give this person
a tour of the smelter and p r o v i d e him with data on reduc t i on
costs, d iv id end s , and ores on hand, but he would not d ivu lge any
d e t a i l s of the processes. Such p l a n s , however, proved unneces-
sary, for the Guggenhe ims never sent a repre s enta t ive to Argo.
By January H i l l had concluded that it would be unwise to
a p p r o a c h A S A R C O again. 5

W h i l e all this was go ing on, H a r o l d V. Pearce took over as
manager of the Argo smelter. He was the natural choice, since
he had worked in the p l a n t for some years and knew every
aspect of its operation. Pearce assumed his pos i t ion in J u l y
1901, but Hill could not p e r suade the eastern management to
give the new manager an o f f i c i a l appo in tmen t until November ,
p r o b a b l y because of the nego t ia t ions with A S A R C O . Once the
de s i gna t i on came through, Hill asked Converse to give Pearce
an annual salary of $5,000 as well as 5 percent of the p r o f i t s . 6

Yet i f Pearce expe c t ed to s u p p l e m e n t hi s pay f r om p r o f i t
sharing he was to be d i s a p p o i n t e d , for the firm's economic posi-
tion de t er i ora t ed in the f a l l of 1901. In October H i l l warned
o f f i c i a l s in Boston that p r o f i t s were d ependen t upon s t a b i l i t y in
the price of c o p p e r , and he f ear ed that the m e t a l ' s value might
d e c l i n e as much as f o u r cents a pound. In this case the enterprise
stood to lose about $88,000. Hill was apparent ly aware of an
i m p e n d i n g s t r u g g l e between.the i n d e p e n d e n t producers and the
A m a l g a m a t e d C o p p e r Company, which was about to make an
e f f o r t to seize control of the market by s e l l i n g its huge stocks to
d epr e s s the price and f o r c e other enterpri se s to come to terms.
Hill thought that any f a l l in prices would be temporary and that
once A m a l g a m a t e d and its rivals resolved the s t rugg l e they
would curtail output and raise the value even above previousl evel s .

W h i l e H i l l ' s views o f f e r e d solace f o r t h e long run, they d i d
l i t t l e to bring r e l i e f during the winter. As the value of c opper
d e c l i n e d , producer s of ore and matte held back sh ipment s to
Denver in hope of realizing higher returns later. Fewer con-

"Grp,
s ignment s , however, created prob l ems
metal was essential in the Argo process,
running short, Pearce and Hill d e c id ed
they had on hand so that they could con-
si lver ores. But this dec i s ion c oup l ed wit
on the loss Hill had p r e d i c t e d . 7

T h i s combination of e v en t s—Pearc e 7

t ion, the f a i l u r e of ta lk s with A S A R C O , £
a l o s s — c r e a t e d suspicion in Boston. In a
quest ioned the in t egr i ty of the west,
sugge s t ed an examination of the books tc
been any chicanery. H i l l took e x c e p t i o n t
there was "no question for any concern al
Argo personnel. His uncle, J e s s e D. Ha
checking account and the Pearces har
d r a f t s . H i l l ' s assurances caused t h e prob
time, but the sugge s t i on of corruption sx.
year.8

Hill had f o r e s t a l l e d the question of in
such luck in h a n d l i n g the scarcity of cop
remained in short s u p p l y even though th<
1902, j u s t as he had p r e d i c t e d . The sale .
had a lr eady e l iminated Montana as a
mineral, and smel t er construction in ot
a d d i t i o n a l markets. And now A S A R C O «
the matte produced in its own blast fu
removed another source of base metal t
s t i l l another lucrat ive por t ion o f A r g o ' s
on the p r o b l e m in la ter years, H a r o l d V.
not until the abundant s u p p l i e s of c oppe:
century that the company came to r ea l i z e
metal was in sme l t ing ores.9

In addi t ion to the dearth of c opper , 1
themse lve s confronted with shortages of £
rock, for the mines of Cl ear Creek and G
the largest sources of ore, were at las t ]
Like J. B. Grant and F r a n k l i n Guitermai
Pearce tried to s t i m u l a t e more energet



lly that he wished to in spec t the Argo
looks. Hill did not name the man, but he
lies B. Grant or F r a n k l i n Guiterman.
i. He f i n a l l y resolved to give this person
id prov ide him with data on reduction
s on hand, but he would not d i v u l g e any
Such p l a n s , however, proved unneces-

ns never sent a repre s entat ive to Argo.
included that it would be unwise to
in.5

ing on, H a r o l d V. Pearce took over as
.elter. He was the natural choice, since
slant for some years and knew every
Pearce assumed his p o s i t i o n in J u l y

. per suade the eastern management to
a o f f i c i a l a p p o i n t m e n t until N o v e m b e r ,
nego t ia t ions with A S A R C O . Once the

*h, H i l l asked Converse to give Pearce
'00 a s well a s 5 percent o f the p r o f i t s . 6

;d to s u p p l e m e n t his pay f r o m p r o f i t
a p p o i n t e d , f o r t h e f i r m ' s economic pos i-

f a l l o f 1901. In October Hill warned
r o f i t s were d ependen t upon s t a b i l i t y in
he f eared that th e m e t a l ' s value might
snts a pound. In thi s case the en t e rpr i s e
000. Hill was a p p a r e n t l y aware of an
' e e n . t h e i n d e p e n d e n t producer s and th e
ompany, which was about to make an
;he market by s e l l i n g its huge s tocks to
rce other en t erpr i s e s to come to terms.
1 in price s would be t emporary and that

its rivals resolved the s t r u g g l e they
d raise the value even above previous
ered solace for the l o n g run, they did
ing the winter. As the value of c o p p e r
re and matte held back sh ipment s to
zing higher returns later. Fewer con-

W"

"Groping in the Dark" 259
s ignment s , however, created p r o b l e m s at the sme l t e r , for the
metal was es sential in the Argo proces s . W i t h s u p p l i e s of c o p p e r
running short, Pearce and Hill d e c i d e d to recycle what stocks
they had on hand so that they could continue working g o l d and
silver ores. But this dec i s ion c o u p l e d with the low pr i c e brought
on the lo s s Hill had p r e d i c t e d . 7

T h i s combination o f e v e n t s — P e a r c e ' s unexpe c t ed resigna-
t ion, t h e f a i l u r e o f t a l k s with A S A R C O , a n d H i l l ' s p r e d i c t i o n s o f
a l o s s — c r e a t e d su sp i c i on in Boston. In a l e t t e r to Hill, Converse
questioned the in t egr i ty of the western management and
sugge s t ed an examination of the books to determine if there had
been any chicanery. Hill took e x c e p t i o n to this. He dec lared that
there was "no question for any concern about the honesty" of the
Argo personnel . His uncle, J e s s e D. H a l e , c o n t r o l l e d the local
checking account and the Pearces handled all the company
d r a f t s . H i l l ' s assurances caused t h e p r o b l e m t o pa s s over f o r t h e
time, but the s ugge s t i on of corrupt ion surfaced again in a l a t e r
year.8

Hill had f o r e s t a l l e d the question of i n t e g r i t y , but he had no
such luck in h a n d l i n g the scarci ty of c opper-b ear ing ores; they
remained in short s u p p l y even though the price of c o p p e r rose in
1902, j u s t as he had p r e d i c t e d . The sale of the Butte enterpri s e
had a lr eady e l iminated Montana as a d e p e n d a b l e source of
mineral , and smel t er con s t ruc t i on in other towns had cut off
a d d i t i o n a l markets. A n d n o w A S A R C O e l e c t r o l y t i c a l l y r e f i n e d
the matte produced in its own b l a s t furnace s . T h i s not only
removed another source of base metal but also did away with
s t i l l another lucrat ive p o r t i o n o f A r g o ' s business. I n r e f l e c t i n g
on the p r o b l e m in l a t e r years, H a r o l d V. Pearce said that it was
not until the abundant s u p p l i e s of c o p p e r vanished early in the
century that the company came to real ize j u s t how va luab l e the
metal was in s m e l t i n g ores.9

In a d d i t i o n to the dearth o f c o p p e r , Hill and Pearce f ound
themse lve s c o n f r o n t e d with shor tage s of good grades of s m e l t i n g
rock, for the mines of Cl ear Creek and G i l p i n countie s , always
the largest sources of ore, were at last beginning to p l a y out.
Like J. B. Grant and F r a n k l i n Guiterman of A S A R C O , Hill and
Pearce tried to s t i m u l a t e more energetic d eve l opment by in-
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creasing returns as-market conditions p ermi t t ed , and on occa-
sion they met with producer s to nego t ia t e spec ia l reduct ion
rates. The op en ing o f the so-called M o f f a t R o a d — t h e Denver,
N o r t h w e s t e r n & P a c i f i c R a i l w a y — l o w e r e d some transpor ta t i on
costs, but neither lower s m e l t i n g f e e s nor reduced f r e i g h t t a r i f f s
could reverse the decline in the fortunes of the traditional min-
erals industry. 1 0

Despi te the gloomy trend, Pearce and his a s s i s tant , F. C.
K n i g h t , continued to i n i t i a t e technical changes that lowered
reduc t i on costs s t i l l f u r t h e r . For one t h i n g , they devised a
method to c a l c u l a t e the prec i se amounts of g o l d , s i lver, and
c o p p e r lo s t in reduction so that they could determine which
s lags might be p r o f i t a b l y resmelted. For another, they de-
v e l o p e d - a skimming technique to col lect a very low grade of
matte that in more pro sp erou s days had been di s carded. T h i s
innovat ion also halved the number of men required to remove
s l a g f r o m the reverberatory furnaces. 1 1

Bad luck also accelerated Argo's decl ine. On the night of
S e p t e m b e r 7, 1906, a blaze broke out in the refinery. Firemen
brought the c on f lagra t i on under control before it engul f ed the
entire p l a n t , but the r e f inery was a total loss. H i l l t e l e g r a p h e d
word of the di sas ter to Boston, and Converse cal l ed an
emergency meeting of the directors to consider what alterna-
tives were avai lable . F i n a l l y , t h e board dec ided t o accept Hil l ' s
advice not to rebuild on the grounds that the f irm had l i t t l e
pro spec t of making money with the old process, which was now
obsole scent . I n s t e a d , Converse and his co l l eague s resolved to
s e l l the furnace product to A S A R C O . Over the next few years
Pearce s h i p p e d the s m e l t e r ' s p roduc t i on to Omaha.12

The deci s ion to s e l l matte to A S A R C O eliminated the
rationale for keeping Richard P e a r c e ' s method a corporate "se-
cret." The s c i en t i f i c community had long speculated on the de-
ta i l s of the process, and now with the re f inery gone to rubble
Rossiter Raymond d i s p a t c h e d a l e t t e r to H a r o l d V. Pearce ask-
ing him to reveal the procedures. Both Hill and Pearce thought
th i s a good idea, and the directors concurred. H a v i n g secured
o f f i c i a l a p p r o v a l , Pearce drew on his father's notes and wrote an
artic le that Raymond had publ i shed in the Transactions of the
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American Institute of Mining Engineers.lt contained the d e t a i l s
Richard Pearce had been unable to discuss in his pre s ident ial
addres s to the s o c i e ty nearly twenty years b e f or e . 1 3

Three years a f t e r the great f i r e that destroyed the refinery,
the d e c l i n i n g f o r t u n e s of the company brought on a serious
di s cus s ion of l i q u i d a t i o n . T a l k surfaced at the annual meeting
held at Argo in A p r i l 1909. Hill and others po int ed out that since
1900 f i v e years of p r o f i t a b l e operat ions had been more than
o f f s e t by f our years of d e f i c i t s that had l e f t the f i r m with a net
loss of $60,000. In l i g h t of the u n p r o p i t i o u s out look for the
minerals industry, as well as the continued inab i l i ty of the
smel ter to get adequate s u p p l i e s of ore, the directors authorized
H i l l to reduce operations to the lowest pos s ib le level and dis-
charge all unnecessary workers. Hill and his associates , how-
ever, were s t i l l u n w i l l i n g to make the dec i s ion to d i s s o l v e the
corporat ion, a l t h o u g h events were obvious ly moving in that
direction.

The deba t e over the c o m p a n y ' s f u tur e came to a climax that
summer. In the course of his vacation Hill worried about f inan-
cial prob l ems and the question of re s toring p r o f i t a b i l i t y . When
he returned to his Denver o f f i c e s in A u g u s t , he sugge s t ed to
o f f i c i a l s in Boston that the enterprise be di s so lved. Converse
agreed. He instructed Hill to convert everything p o s s i b l e into
cash and to purchase only those ores necessary to proce s s what
a lr eady lay on the s m e l t e r grounds. W h i l e Hil l sought l ega l
counsel about the p ro c edur e s for l i q u i d a t i n g a C o l o r a d o corpora-
tion, Converse ca l l ed a s p e c i a l mee t ing of the d irec tor s to con-
sider the matter f o r m a l l y , a l t h o u g h there was no quest ion about
the outcome. The board assented. On S e p t e m b e r 20, Converse
sent all s t o c k h o l d e r s a l e t t e r reviewing the f i n a n c i a l c ond i t i on of
the f i rm and noting its gloomy prospec t s . He enclosed proxies
and urged each shareho lder to sign and return them so as to
empower the direc tors to vote for d i s s o l u t i o n at a spec ial meet-
ing scheduled for early November . The response in f a v o r of
winding up the ent erpr i s e proved overwhelming, and the direc-
tors set November 2 as the day for the s t o ckho ld er s to consider
the question.1 4

S h o r t l y b e f o r e the meeting, l ega l t e c h n i c a l i t i e s — o s t e n s i b l y —
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l ed to C o n v e r s e ' s r e s ignat ion as the company pr e s i d en t . U n d e r
C o l o r a d o law the ch i e f executive of a corpora t i on about to be
d i s s o l v e d had to swear under oath that nefarious ac t iv i t i e s had
not been the cause of the firm's demise. Converse was amenable
to s igning an a f f i d a v i t about matter s within his personal knowl-
edge in Boston, but he was reluctant to sign the required docu-
ment on the grounds that he was unfami l iar with da i ly opera-
tions at Argo. Converse must s t i l l have suspec ted the western
management of f i n a n c i a l d e c e p t i o n . He volunteered to resign as
p r e s i d e n t i f Hil l would assume the o f f i c e and the concomitant
r e s p o n s i b i l i t i e s . When the re s ident director agreed, he was
e l e c t ed on November 1. And so, on the day b e f o r e the s t o ckho ld-
ers met to vote on d i s s o l u t i o n , a member of the Hill f a m i l y , chie f
arch i t e c t s o f t h e f i r m ' s d e s t iny f o r more than f o u r d e cade s ,
became pre s ident of the company. 1 5

All that now remained were the f o r m a l i t i e s . On November 2,
1909, Hill, J e s s e D. H a l e , and several associates gathered in the
o f f i c e s at Argo. H o l d i n g proxies on behal f of 92 percent of the
s t o c k h o l d e r s , they voted to d i s s o l v e the corporation. Later that
month Hil l f i l e d t h e o f f i c i a l p a p e r s with t h e s tate o f C o l o r a d o ,
and the dec i s i on became f i n a l on January 13, 1910. Operations
at Argo continued for another two months until Saint P a t r i c k ' s
Day, March 17, when Hill ' s workers ex t ingui shed the f i r e in the
last reverberatory furnace. A f t e r f o r t y - t h r e e years in the busi-
ness, the Boston and C o l o r a d o S m e l t i n g C o m p a n y had processed
its last ton of ore.16

The f i r e s may have been out, but it took H i l l and his succes-
sors another f o r t y years to l i q u i d a t e the f irm's assets. At the
start the trustees sold some of the houses surrounding the smel-
ter to f ormer employee s . F i r m s in the m e t r o p o l i t a n area pur-
chased some machinery. The rest went for scrap. Wreckers
demol i sh ed the furnace s , and Hill and H a l e sold what s lag
remained to the Glob e smelter and other p l a n t s for reprocessing.
The C o l o r a d o & Southern R a i l w a y — t h e o ld C o l o r a d o Central
l i n e — b o u g h t several tracts of land. By 1921 all that remained of
the Argo works was an empty o f f i c e b u i l d i n g with broken win-
d o w p a n e s , a g h o s t l y reminder o f the c o m p a n y ' s g lory.

The trus tee s sold the remaining real estate in Denver very
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s l owly . Land values c o l l a p s e d in the economic recession that
f o l l o w e d W o r l d War I, and th ey remained low throughout the
twenties and th ir t i e s and into the f o r t i e s . H i l l and his successors
de c id ed to ho ld onto the p r o p e r t y rather than s e l l in such an
environment. N o t until a f t e r W o r l d W a r I I , l ong a f t e r H i l l a n d
Converse had d i e d , did price s rise to the po in t where a new
generation of trus tee s d e c i d e d to s e l l the land to i n d i v i d u a l s ,
new f i r m s , and the Pub l i c S e r v i c e C o m p a n y of C o l o r a d o . In May
1950 a Denver law f i r m mailed a f o u r t h and f i n a l l i q u i d a t i o n
dividend to the d e s c e n d a n t s of the original s t o c k h o l d e r s , sent a
last o f f i c i a l report to the d i s t r i c t court, and made the unfortu-
nate dec i s ion to have the company p a p e r s burned.1 7

D e s p i t e the p rob l ems c o n f r o n t i n g the mining industry during
the la t e nineteenth and early twen t i e th centuries, another gen-
eration of entrepreneurs turned their a t t en t i on toward p y r i t i c
sme l t ing. T h i s proces s had had its i n c e p t i o n in the l a t e 1880s
and was a p p l i e d early at L e a d v i l l e with the f o r m a t i o n of the old
B i - M e t a l l i c S m e l t i n g C o m p a n y o f S m i t h , M o f f a t , a n d Ballou .
The company had some success, a l t h o u g h the method f a i l e d to
live up to e x p e c t a t i o n s . ' N o n e t h e l e s s , the technique had the
p o t e n t i a l of reducing p r o f i t a b l y the vast quanti t i e s of low-grade
mineral bearing silver, g o l d , c o p p e r , and iron. The proce s s had
par t i cu lar a p p e a l to owners of i s o l a t e d mines because the smel t-
ing y i e l d e d a matte that could be s h i p p e d to r e f i n e r i e s , whereas
the ores t h e m s e l v e s were so poor that they could not o therwi s e
be mined, s h i p p e d , roas t ed , and reduced.

Exc ep t for the B i - M e t a l l i c works in L e a d v i l l e , the best-known
p y r i t i c sme l t e r was the C a r p e n t e r p l a n t in G o l d e n . The f i r m that
erected the smel t er came into being in S e p t e m b e r 1900 when
J o s e p h Berry, Ernest Le N e v e F o s t e r , and F r a n k l i n R. Car-
pent er organized themse lve s into a body corporat e as the Clear
Creek M i n i n g and Reduction Company. T h e y set the c a p i t a l i z a -
tion at $500,000, a l t h o u g h whether they a c t u a l l y invested this
amount of money cannot be de t ermined. 1 8

Berry, F o s t e r , and C a r p e n t e r were well known in mining and
s m e l t i n g circles. Berry and his brother owned the S a r a t o g a
mine and other p r o p e r t i e s near I d a h o S p r i n g s . Like Meyer
Guggenhe im, the Berrys wished to erect their own smel t er to
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avoid the reduct ion-charges levied by the G l o b e , Grant, and
Argo smelters. F o s t e r had earned a f i n e r epu ta t i on as a mining
engineer who used Denver as the hub of his activities through-
out the Wes t . Carpenter was a me ta l lurg i s t l ong i d e n t i f i e d with
the pyr i t i c proce s s , most no tab ly at Deadwood, South Dakota,
where he had operated the p i c tur e sque ly named Deadwood and
Delaware S m e l t i n g Company. He also had an exce l l ent reputa-
tion, a l t h o u g h that astute inves t igator J a m e s D. Hague thought
the Deadwood f a c i l i t y b a d l y managed. 1 9

W i t h the Clear Creek f i r m organized, the Berry brothers,
F o s t e r , and C a r p e n t e r went ahead with their p l a n s for a new
p y r i t i c smelter. T h e y s e l e c t ed G o l d e n as the l o ca t i on for the
works, since this would a l l o w ore cars to run downgrade f r om
Clear Creek and G i l p i n counties, a s tandard reason for b u i l d i n g
in the "valley." The enterpri s e purchased a tract of land bor-
dered by the C o l o r a d o & Southern Railway and let construction
contracts for a p l a n t that would have two blas t furnaces with an
aggrega t e capac i ty of more than 250 tons d a i l y .

The company caused a stir in the Clear Creek ore markets,
and as Carpent er pushed the smel ter to c ompl e t i on in J u l y 1901,
its two major rivals altered their pr i c ing s chedul e s to meet the
compet i t ion. The Boston and C o l o r a d o enterprise took action
f i r s t , when it advanced its returns on certain classes of min-
e r a l . T h e n , as soon as Carpenter made his f i r s t purchases f r o m
local mines, A S A R C O increased its pay on shipments of low-
grade iron concentrates essential in the pyr i t i c process. The
s t rugg l e was on.

F r o m the outset Carpenter and his associates confronted a
host of problems. S o o n a f t e r the smel t er began operat ions , they
learned that the cast-iron water j a c k e t s on the reduction fur-
naces were d e f e c t i v e . Carpenter had to suspend work until the
f i rm could in s ta l l new units. When he f i n a l l y resumed s m e l t i n g ,
he f ound that he could not get enough ore to run at f u l l capaci ty.
The Berrys' S a r a t o g a mine could not produce more than a quar-
ter of what the p l a n t required. To get addi t i onal s u p p l i e s , Car-
penter e l imina t ed his p e n a l t y on s i l i ca , increased ore price s , and
leased the Pewabic group of mines in G i l p i n County, but to no
avail. More mineral was not f o r th coming . As a last resort, Car-
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penter reduced the wages of his smel t er workers, but this only
touched off a strike that shut down the p l a n t . On S e p t e m b e r 11,
1903, a f t e r l i t t l e more than two years in business, the Clear
Creek company closed i n d e f i n i t e l y . Rumors circulated that the
p l a n t had never earned a p r o f i t . 2 0

But if Carpenter and his associates were through, the smelter
was not, or at leas t not yet. A f t e r a year-long hiatus, it was
leased to the I n d e p e n d e n t S m e l t i n g and R e f i n i n g Company, a
venture organized by three entrepreneurs f r o m Denver—
Marcus A. Bettman, T h e o d o r e Marx, and Robert S. B i l l i n g s .
F r o m the name they chose, it a p p e a r s that they hoped to p r o f i t
f r o m o p p o s i t i o n to A S A R C O , and they set the c a p i t a l i z a t i o n at
$1,000,000, a l though this h a r d l y repre s ent ed real money in-
vested in the enterpri se .

Bettman and his associates tried to avoid the mistakes of
their predece s sor s . T h e y r emode l ed the p l a n t , purchased new
machinery, bu i l t more railroad track, and accumulated an ore
s u p p l y , a lbe i t a small one. But cognizant that mineral shortages
had ended the career of C a r p e n t e r ' s group, Bettman and his
c o l l eague s acquired s a m p l i n g agencies in I d a h o S p r i n g s , Black
H a w k , and Boulder. T h e y also secured lower f r e i g h t t a r i f f s and
then put the smelter into operat ion in S e p t e m b e r 1904.

From the outset opera t ions went b a d l y . At this s tage in their
deve l opment , the mines north and west of Denver ju s t could not
s u p p l y enough s m e l t i n g rock to meet the needs of the G l o b e ,
A r g o , and I n d e p e n d e n t p l a n t s . Bettman and his as soc iate s could
never get the ores they needed , and what was more, bad roads
curtailed sh ipment s to G o l d e n . A f t e r scarcely nine months in
business, the I n d e p e n d e n t C o m p a n y blew out its furnace s .
Bettman tried to raise new c a p i t a l in New Y o r k , but he had no
success. The f i rm went into rece ivership, and the p l a n t reverted
to the Clear Creek enterprise . 2 1

The smelter lay id l e for another f i v e years until 1910, when a
third group of entrepreneurs d e c id ed to try their hand at p y r i t i c
reduction. The chief f i gur e was H. A. R e i d e l , p r e s id en t of the
N o r t h American S m e l t e r and Mines Company. He and his as-
sociates had worked mining p r o p e r t i e s above Clear Creek for
some time, but now they wished to integrate their opera t i on s
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forward into ore proce s s ing. A f t e r tak ing po s s e s s i on of the p l a n t ,
they a p p r o p r i a t e d a r epor t ed $35,000 for renovation and im-
provement s , and Reidel hired two experienced men as superin-
tendent and manager.

Like B e t t m a n ' s g roup , Reidel and his associates tried to en-
sure th ems e lv e s of adequate ore s u p p l i e s . T h e y bought addi-
t ional mines near I d a h o S p r i n g s and George town and had the
good f or tune to acquire the contracts of another pyr i t i c smel t er
that had re c ent ly f a i l e d a f t e r a short career. Reidel ' s men also
h a p p e n e d to discover $100,000 worth of ores abandoned on the
grounds of the old F r e n c h sme l t e r that had worked b r i e f l y in
G o l d e n dur ing the l a t e 1870s. And the N o r t h American venture
had f o r t u i t o u s l y chosen to enter the reduc t ion indus try j u s t at
the time the Boston and C o l o r a d o f i r m closed its doors , thus
removing a m a j o r c o m p e t i t o r .

In A p r i l 1910 Reidel and his a s soc iate s set their f i r s t p y r i t i c
unit in b la s t . T h e y ran the works as best they c ou ld , but neither
hope nor p l a n s nor luck could overcome the diminished produc-
tion of sme l t ing ores f r o m the mines above Clear Creek. A f t e r a
l i t t l e more than a year in the indus try, the N o r t h American f i rm
ceased operat ion l a t e in 1911. The ent erpr i s e went into re-
ceivership when Reidel and his associates d e f a u l t e d on their
bonded d eb t , which by then was on the order of $500,000. T h i s
was the f i n a l a t t e m p t to run the Carpent er smelter. Some time
l a t e r wreckers d e m o l i s h e d the p l a n t . 2 2

To some extent the story of Clear Creek, I n d e p e n d e n t , and
N o r t h American f i r m s t y p i f i e d the experience of many enter-
pri se s that erected p y r i t i c smelters. The process a p p e a l e d to
many mineowners, p a r t i c u l a r l y those working low-grade ores
in r e l a t i v e l y i s o l a t e d areas. P l a n t s appeared at A l m a , L e a d v i l l e ,
F l o r e n c e , Robinson, Ouray, S i l v e r t o n , and many other camps.
Yet these opera t ions rarely, if ever, l ived up to e xpe c ta t i on .
P r o f i t margins were always narrow, and most f i r m s f a i l e d to
s t i m u l a t e enough ore p r o d u c t i o n to make sme l t ing economi-
c a l l y f e a s i b l e . E x c e p t f or th e B i - M e t a l l i c p l a n t in L e a d v i l l e , f ew
p y r i t i c p l a n t s remained in business more than several
months. 2 3

D e s p i t e the d e c l i n e of A S A R C O , the demise of the Boston and
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C o l o r a d o C o m p a n y , and the f a i l u r e of so many p y r i t i c o u t f i t s ,
there was one e n t e r p r i s e — a new o n e — t h a t had a f a i r success
during these t r o u b l e d times. T h i s was the Ohio and C o l o r a d o
S m e l t i n g C o m p a n y , which erected a p l a n t at a key rai lroad
j u n c t i o n in the mountainous country and thus reversed the
long-term trend toward b u i l d i n g major sme l t er s on the p l a i n s .

The events that led to the cons truc t ion of this p l a n t began in
1897 with the f o r m a t i o n of the New Monarch M i n i n g Company.
The key f i g u r e s were J o h n C. K o r t z and W i l l i a m A. M i l e s , both
of C l e v e l a n d , Ohio, and T i m o t h y Good win, a mining man f r o m
L e a d v i l l e . T h e y set the c a p i t a l i z a t i o n at $1,000,000 d iv id ed into
one m i l l i o n shares, most of which were exchanged for the out-
s t and ing stock of the A u s t r a l i a n M i n i n g C o m p a n y , the Monarch
G o l d M i n i n g C o m p a n y , and other f i r m s h o l d i n g p r o p e r t y in
L e a d v i l l e . K o r t z took charge as p r e s i d e n t of the venture, al-
though Goodwin d ir e c t ed al l operat ions . For the next f ew years
the New Monarch e n t e r p r i s e s h i p p e d i t s ore p r o d u c t i o n either to
local works or to the v a l l e y sme l t e r s , but K o r t z and his as-
sociates f ound the arrangement u n s a t i s f a c t o r y . T h e y d i s l i k e d
th e idea o f sharing p r o f i t s with reduct ion f i r m s l i k e A S A R C O .
T h e y also had a bad experience in 1901 when the Boston G o l d -
C o p p e r C o m p a n y , a shor t- l ived p y r i t i c sme l t er in L e a d v i l l e ,
went out of business owing them a repor t ed $58,000 in returns.
And so during this time K o r t z and his as soc iate s e x p l o r e d the
p o s s i b i l i t y o f erec t ing their own reduc t ion p l a n t . 2 4

The d i s cu s s i ons led in 1901 to the f o r m a t i o n of the Ohio and
C o l o r a d o S m e l t i n g C o m p a n y , a f i r m composed l a r g e l y o f th e
o f f i c e r s , d ire c tor s , and s t o c k h o l d e r s o f the mining ent erpr i s e .
K o r t z became p r e s i d e n t , M i l e s s e cre tary, and G o o d w i n general
manager, the same p o s i t i o n s they he ld in the mining venture,
thus cont inuing the t r a d i t i o n of i n f o r m a l i n t e g r a t i o n seen
throughout the reduct ion industry. Once they had the sme l t er
in o p e r a t i o n , they intended to proce s s the entire ou tpu t of their
mines, but since these p r o p e r t i e s could f u r n i s h no more than
about a quarter of the p r o j e c t e d s m e l t i n g c a p a c i t y , K o r t z and his
c o l l e a g u e s p l a n n e d to draw upon the p r o d u c t i o n of mines
throughout central C o l o r a d o .

Rather than bui ld a small p l a n t that might prove to be a
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low-volume, high-cost o p e r a t i o n — a n d thus d o o m e d — K o r t z and
his as soc iate s drew up p l a n s for a major smelter that could take
advantage of the economies of scale. They intended to build
t w e n t y - f i v e ore bins that would hold fif ty thousand tons of
sme l t ing rock. And they would erect four blast furnace s with a
c a p a c i t y of six hundred tons of s i lver-lead mineral d a i l y p l u s
another two units that could process f i v e hundred tons of
copper-bear ing ores. K o r t z and his c o l l eague s were about to
construct a p l a n t second in size only to the Arkansas V a l l e y
works in L e a d v i l l e .

S u c h ambi t ious p l a n s required the most car e fu l p l a n n i n g , for
both the locat ion and railroad service were crucial if the f i rm
was to have any chance of success. K o r t z and his as soc iate s
debated the a l t e rna t iv e s—Denver , Pueblo, and L e a d v i l l e — t h e n
d e c i d e d upon S a l i d a , a town about s ixty miles south of the
carbonate camp. S a l i d a had f o u r railroad l ines that would give
the p l a n t ready access to me ta l lurg i ca l coal f r o m Cres ted Butte
and ores f r o m the San J u a n , the old Monarch d i s t r i c t , and
L e a d v i l l e . B u i l d i n g at S a l i d a also meant that most f u e l and ore
could roll d o w n h i l l to the smel t er , and that t ran spor ta t i on costs
would be far le s s than if they had to travel as far as Denver or
Pueblo or across the p l a i n s to Kansas C i t y or Omaha.

K o r t z and his co l l eagues now bent themselves to the task of
converting a p a p e r corporat ion into a working indus tr ial unit.
For the p lant site, they purchased an entire mesa that fa c ed
southwest toward the snowcapped peaks of Saguache and C h a f -
fee counties. Goodwin took the re spons ib i l i ty for erecting the
works in a d d i t i o n to managing the mines in L e a d v i l l e . He hired
construction workers, signed contracts for machinery, and at-
t ended to all d e t a i l s once construction began late in 1901. Work
continued through the hard S a l i d a winter. By A p r i l 1902,
G o o d w i n ' s men had c o m p l e t e d the f o u n d a t i o n s for a l l major
b u i l d i n g s and were momentari ly expe c t ing the blas t furnace s
to arrive f r o m the Colorado Iron Works in Denver. About this
time K o r t z and Goodwin dec ided to set J u l y 1 as the target date
for beginning the reduction of ore to bul l ion, but one delay
a f t e r another crept into the p l a n s , f o r c i n g the en t erpr i s e to
push the time ahead to f a l l . F i n a l l y , Goodwin activated his

sme l t ing units, and by November he had
The p l a n t drew ore s u p p l i e s f r o m rm
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s m e l t i n g units, and by N o v e m b e r he had three furnace s in b la s t .

The p l a n t drew ore s u p p l i e s f r o m many di s t r i c t s . The New
Monarch en t erpr i s e s h i p p e d i t s entire ou tpu t to S a l i d a , but, as
e x p e c t e d , the mineral p r o v i d e d only about a f o u r t h of what the
works needed to run at capac i ty . Yet the f i r m proved i t s e l f
c ompe t i t iv e in many markets. Goodwin obtained large ship-
ments of s m e l t i n g rock f r o m S i l v e r Cli f f , Bonanza, and Lead-
vil l e . S m a l l consignments arrived f r o m Gunnison and H i n s d a l e
counties. Even the old Monarch d i s t r i c t s taged a short renais-
sance once the smel t er opened. Mines in C o l o r a d o prov id ed the
bulk of the mineral, but they could no longer prov ide the lead
essential in the reduction process. For this K o r t z and Goodwin
had to look far a f i e l d . Mines in the N o r t h w e s t had the required
mineral, and here K o r t z and Goodwin signed contracts with
producers in the Coeur d'Alene and even as far away as Briti sh
Columbia. 2 5

Meanwhi l e , the f a i l u r e o f the Boston G o l d - C o p p e r C o m p a n y
pre s ented K o r t z and his a s soc iate s with an o p p o r t u n i t y to ex-
pand and integrate opera t ions only a short time a f t e r the S a l i d a
works came on stream. The Boston f i r m owned a pyr i t i c sme l t e r
that had proved none too s u c c e s s f u l , l ike most such p l a n t s , but
K o r t z and Goodwin thought that if they acquired the p l a n t they
might use it to proces s ex tremely low grade s u l f i d e s in L e a d v i l l e
and sh ip the furnace product to S a l i d a for r e sme l t ing. W i t h this
intent M i l e s bought the p r o p e r t y and assets of the Boston f i r m
for the account of the Ohio and C o l o r a d o ent erpr i s e . K o r t z ,
Goodwin, and M i l e s reorganized the venture as the R e p u b l i c
S m e l t i n g and R e f i n i n g C o m p a n y and set the works back in
operat ion. It was reported that they int ended to d o u b l e the
capac i ty f r o m f i v e hundred to a thousand tons d a i l y , but if thi s
was true they soon changed their minds. The smel t er .never
proved renumerative. Late in 1903, a f t e r o p e r a t i n g the p l a n t for
about a year, they de c ided to abandon it and conf ine their reduc-
tion work to S a l i d a . 2 6

Meanwhi l e , K o r t z and G o o d w i n e x p a n d e d the Ohio and C o l -
orado smelter. Early in 1903 the d irec tor s a p p r o p r i a t e d a sum
reported as $100,000 to erect a s u l f i d e mill for pro c e s s ing the
huge quantities of low-grade material s h i p p e d down the Arkan-
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sa s V a l l e y f r o m L e a d v i l l e . G o o d w i n pres sed forward with con-
s truc t i on dur ing the summer and f a l l , and when the p l a n t be-
came opera t i onal it d oub l ed the roas t ing capacity. Several years
l a t e r the f i r m again increased s u l f i d e capac i ty , this time
through p u r c h a s i n g f r o m A S A R C O the rights to i n s t a l l the
H u n t i n g t o n - H e b e r l e i n proce s s , which was coming into generaluse throughout the industry.

K o r t z and his a s soc iate s also e x p a n d e d their ore purchas ing.
Goodwin d i s p a t c h e d agents to mining d i s t r i c t s in Utah and to
camps i n I d a h o ou t s i d e t h e Coeur d ' A l e n e . T h e s e buyers o f t e n
received an u n e x p e c t e d assist because some mineowners dis-
l i k e d the p r a c t i c e s o f A S A R C O and f ear ed the qua s i -monopo ly .
G o o d w i n signed contract s with some companies so f r u s t r a t e d by
the " sme l t ing trust" that they wished to send their ores to S a l i d a
even t h o u g h f r e i g h t charges and r educ t i on f e e s were somewhat
higher. Other shrewd mineowners d e a l t with the Ohio and
C o l o r a d o f i r m merely to keep at l eas t one viable c o m p e t i t o r in
business. G o o d w i n ' s agents were so energetic in f i n d i n g ores
that he increased his work f or c e at S a l i d a to 250 men and
reduced as much as eight hundred tons of mineral d a i l y . Theb u l l i o n he so ld to the American Metal Company.

D e s p i t e its success, the company could not avoid the labor
ferment of that turbulent era. In J u l y 1903, Goodwin tried an
eight-hour day for furnacemen as a concession to the hot S a l i d a
summer and as an e f f o r t to d i s s u a d e experienced e m p l o y e e s
f r o m d e p a r t i n g for cooler c l imates . In the f a l l he ins i s t ed upon a
re s t ora t i on of the twelve-hour day. T h i s the smel ter workers
o p p o s e d , and two-thirds of the f o r c e went out on strike. Goodwin
and his c o l l e a g u e s curtai led operat ions but continued roas t ing
and s m e l t i n g on a small scale with nonunion men who crossed
picke t l ines. Like their r ival s in A S A R C O , Goodwin and his
f r i e n d s had the u p p e r hand, and the strike la t er ended in f a i l u r ewith the twelve-hour day s t i l l in e f f e c t .

As K o r t z and company expanded operat ions , they also con-
tinued the s t e a d y d e v e l o p m e n t of their mining proper t i e s in
L e a d v i l l e . In 1903 the New Monarch f i r m began an extensive
excavat ion of its new C l e v e l a n d s h a f t while regular work went
f orward in the o l d e r W i n n i e , L i d a , and New Monarch tunnel s .
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Over the next few years the en t erpr i s e invested large sums of
money in equipment and machinery, and through th i s , good ore
bod i e s , and good luck, the f i r m produc ed about one-tenth of
L e a d v i l l e ' s ou tput . 2 7

K o r t z and his associates had the good f o r t u n e in 1906 to
encounter a remarkably rich streak of ore in the d e p t h s of the
Winnie s h a f t . T h i s d e p o s i t , only ten inches in diameter, aver-
aged 36 ounces of g o l d , 77 ounces of s i lver , and 160 p o u n d s of
c opper in every ton. The vein i t s e l f e x t ended several hundred
f e e t , and its discovery was a lucky reward for the s t eady e f f o r t s
to mine and process low grades of mineral. It was j u s t this kind
of chance that spurred venture c a p i t a l i s t s , if not gamblers , to
d e v e l o p other p r o p e r t i e s as the mining industry f a l t e r e d . 2 8

In 1907, however, the price s of s i lver , l e a d , and c o p p e r de-
clined in the wake of the f i n a n c i a l crisis of that year, and the
newer l e v e l s had a d e l e t e r i o u s i n f l u e n c e on the f i r m s of K o r t z
and his associates. As values f e l l , they had to curtail o p e r a t i o n s
at both the New Monarch mines and the S a l i d a sme l t er , since it
was no longer p r o f i t a b l e to v / o r k the lower grades of ore. Not
unreasonably, they assumed that market values would rise once
the recession had run its course. As such, Kortz and his col-
leagues chose this time to in s ta l l new equipment at the ir Lead-
v i l l e and S a l i d a p rop er t i e s . The improvements aided both f i r m s ,
but metals price s u n e x p e c t e d l y remained about the same and
would not return to the 1907 level until the U n i t e d S t a t e s
entered W o r l d War I a d e cade l a t e r . In this new economic envi-
ronment the p r o d u c t i o n of the New Monarch mines f e l l f r o m two
hundred to f i f t y tons d a i l y , and as s h ipment s of s m e l t i n g rock
f e l l o f f throughout the h igh country owing to prior d e c l i n e s and
the exhaustion of ore b od i e s , the S a l i d a p l a n t f ound it i m p o s s i b l e
to run at f u l l capac i ty .A f t e r 1907 the Ohio and C o l o r a d o Company l i m p e d a long.
K o r t z and his as sociates thought a reduction in rail t a r i f f s
between the San J u a n and S a l i d a might s t imula t e greater
s h ipment s f r o m that quarter, but the hope proved f a l s e when the
l ines lowered their rates. The rising produc t i on of zinc-bearing
mineral did h e l p the p l a n t , however, for Goodwin bought large
quantities of residues f r o m zinc retort smelters in K a n s a s and
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Oklahoma. T h e s e material s h e l p e d the f i r m remain in business,
but not even the "unusually high prices for metal created by
W o r l d War I could resuscitate the tradi t ional mining industry.
The market values of l e a d , c opper , and zinc f e l l off when the
c o n f l i c t ended in 1918. When the postwar recession eliminated
the shipments of zinc residues upon which the plant had come to
d e p e n d , Kortz and his associates de c ided- to dismantle the p lant .
The Ohio and Colorado smelter reduced its last ton of ore in
1 9 2 0 ' . 2 9

The demise o f the S a l i d a smel t er l e f t A S A R C O as the only
important r educ t i on enterpri se in C o l o r a d o , once the heart of
thi s indu s t ry . S i n c e 1907 the G l o b e , Pueb l o , Arkansas V a l l e y ,
and Durango works had opera t ed at less than f u l l c a p a c i t y
owing to lower pr i c e s for s i lver , l e a d , and c o p p e r and to the
cont inu ing d e c l i n e of the mining indus try based on these met-
als. Like the Ohio and C o l o r a d o C o m p a n y , the "trust" garnered
add i t i ona l reduct ion mater ial s through sh ipment s of residues
f r o m zinc retort smel t er s , and they p layed a large role in keep-
ing the G l o b e and Pueblo works in operation.

A f t e r W o r l d War I, however, Daniel Guggenheim and his
associates saw their business in Colorado contract even fur ther ,
requiring new changes in ASARCO's structure. In 1919 the f i rm
decided to halt reduction at the Globe smelter and use the plant
s o l e l y for treating cadmium, tha l l ium, and indium compounds
s h i p p e d from other works. Thus Denver, the chief smelt ing
center in the Wes t only two decades b e fore , ceased to be a
reduct ion site at a l l . Over the next two years the f i rm witnessed
d e c l i n i n g sh ipment s of zinc residues f r om Kansas and Ok-
lahoma to its Pueb l o smelter. T h i s matter came to a head in
J u n e 1921 when a disastrous f l o o d in the lower Arkansas V a l l e y
de s troyed a large por t ion of the works. Once the waters had
receded, A S A R C O dec ided that the time had come to c lo se this
p l a n t as wel l .

The demise of the indus try at Denver and Pueblo l e f t
A S A R C O with only the Arkansas V a l l e y and Durango works to
proces s the d w i n d l i n g output of sme l t ing materials f r om the
high country. Yet now their capac i ty was more than enough to
handle the task. During the 1920s the AV plant reworked old
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s lag dumps in L e a d v i l l e and reduced smal l quantit ies of ore
mined in the central Rockies or a long the eastern s l o p e . The
Durango smelter served a few mines near T e l l u r i d e and
elsewhere in the San J u a n . Only rarely did either p l a n t have
more than one furnace in b l a s t , so miniscule had become the
shipments of smelting rock. Then came the severe economic
d i s l o c a t i o n of the Great Depre s s i on , which f o r c ed many mines in
the San J u a n to close down. With that A S A R C O closed its
Durango works in 1930.

The f i r m now had only the Arkansas V a l l e y smel ter to handle
all operations in Colorado . The p lan t continued working
throughout the th ir t i e s , but rarely with more than one furnace
in blast. The onset of W o r l d War II f a i l e d to revive the mining
industry, but the works s t i l l obtained what ores it needed to
continue running on a very l imi t ed scale throughout the f o r t i e s ,
into the f i f t i e s , and down until the s ixties. T h e n in 1961
A S A R C O decided to close the p l a n t . N e a r l y a century a f t e r
J a m e s E. Lyon had opened his short-lived works in the town of
Black H a w k , the sme l t ing indus try in the Rocky Mountains had
come to an end.30

Throughout its evo lut ion the business of ore reduct ion f o l -
lowed the great themes that characterized American industrial
d e v e l o p m e n t during the l a t e n ine t e enth and early twent i e th
centuries. Vert ical and horizontal in t egrat ion, c e n t r a l i z a t i o n ,
the increased use of c a p i t a l , the creation of urbanized labor
f or c e s , the quest for t e chno l og i ca l advance, the rise of p r o f e s -
sional managers, the drive for lower costs, and the rationaliza-
tion of all a spec t s of p r o d u c t i o n were j u s t as marked in the
sme l t ing indus try as they were in p e t r o l e u m , s t e e l , c o p p e r , and
many lines of manufacturing. Yet the smelting industry was
unique in i t s e l f , and its evolut ion showed that the d e v e l o p m e n t
of western mineral resources d e p e n d e d large ly on the adap ta-
tion of European technology and the mobil ization of eastern
c a p i t a l .

F r o m its in c ep t i on in the i s o la t ed mining camps of the Rock-
ies, the industry had drawn on me ta l lurgy long used in Europe.
A l t h o u g h some men tried their own inventions or t a p p e d in-
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adequate me thod s .used in the East on d i f f e r e n t t y p e s of ore, the
shrewdest entrepreneurs consc ious ly sought processes l ong
used in the world-renowned centers of reduction. N a t h a n i e l P.
H i l l was one of the f i r s t in a l o n g line that looked abroad for
proved t e chno logy. And, l ike Hil l , many businessmen hired
s k i l l e d laborers , t echnicians, and me ta l lurg i s t s to i n s t a l l
machinery and run p l a n t s . Even a f t e r the indus try had estab-
l i shed i t s e l f , smeltermen s t i l l looked to E u r o p e — w i t n e s s the
a d o p t i o n of the H u n t i n g t o n - H e b e r l e i n process in the early
t w e n t i e t h century. During thi s time, however, European
technologie s continued to evolve in the United S t a t e s as Ameri-
cans advanced the art and science of ore reduct ion to process the
maximum amount of mineral at the lowest p o s s i b l e cost.

A l t h o u g h the s m e l t i n g centers of Europe prov ided much of the
t e c h n o l o g y , the capi ta l that s u p p o r t e d the indus try came
p r i m a r i l y f r o m f i n a n c i a l centers east of the Rockies. W e a l t h y
p e o p l e in Boston and New Y o r k invested heavily; others in
P h i l a d e l p h i a , Chi cago , Kansa s C i t y , and St . Louis prov ided
some money; Europeans o f f e r e d s m a l l e r , less s i g n i f i c a n t sums;
c o m p a r a t i v e l y l i t t l e cap i ta l came f r o m the Rockies or the West
Coas t . The stock of most f i r m s was c l o s e l y held and not l i s t e d on
any exchange, al though this changed somewhat late in the
century, p a r t i c u l a r l y a f t e r the f o r m a t i o n o f A S A R C O . Through-
out this time those h o l d i n g the c o n t r o l l i n g interest in most
sme l t er s res ided far away, as only a few major s t o c k h o l d e r s
made their homes in the Rockies or even in the W e s t . Increas-
i n g l y , control became centered on New York , the f inanc ia l capi-
tal of the nation.

It was thi s acquis i t ion of European t e c h n o l o g y and mobi l iza-
t ion of eastern cap i ta l to build smel t er s that p e rmi t t ed many
mines to be worked and promoted the economic d eve l opment of
the region. In many di s tr i c t s the smelters stood at the crossroads
of e x p l o i t a t i o n , for, given the metal lurgy of the day, only they
had the t e c h n o l o g y needed to recover g o l d , s i lver, c o p p e r , l e a d ,
and other meta l s f r o m the d i f f e r e n t type s of ore. Withou t the
sme l t e r s some minerals might have remained u n t a p p e d for
decade s . And in a broader p e r s p e c t i v e , the smel t er s s t imula t ed
agri cu l tural d e v e l o p m e n t , railroad construct ion, coal mining,

1
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cities l i k e Omaha and El Paso and converted the f i r m into a
proce s sor of many me ta l s , a transi t ion already under way by the
time of the great merger in 1899. By the onset of W o r l d War I,
the annual value of the go ld and c opper marketed by A S A R C O
exceeded the value of s i lver and l ead , on which the predec e s s or
companies had evolved. And as the years pa s s ed , the enterpri se
became pr imari ly i d e n t i f i e d with the copper industry and re-
mains so to this day.

Not much remains in the Rockies to remind a passerby of the
once-great industry there. No picturesque ruins dot the high
country, no bronze s tatue s memorialize the smeltermen, no
l e g e n d s recount past g lor i e s . A few s l ag dumps lie here, an
abandoned furnace there, an i s o l a t e d smokestack pierces the
skies somewhere e l s e , but nothing more. A few p l a c e names
r e m a i n — A r g o and G l o b e v i l l e in Denver, Ei l er s Stre e t in Pueb lo ,
Harri son Avenue in L e a d v i l l e — b u t not many can recount the
origin of the names. The legacy of the business l ie s elsewhere,
p r i m a r i l y in the American S m e l t i n g and R e f i n i n g Company,
now o f f i c i a l l y known as A S A R C O , which operates in many
l o c a l e s but only m a r g i n a l l y in the Rocky Mountains, once the
heart of the industry that created the f irm.

Notes

F u l l d e t a i l s o f p u b l i c a t i o n for sources cited a
raphy.

Abbreviations
C H S Colorado His tor i ca l S o c i e t y
CM Commonweal th of Massachuse t t s
C S A C o l o r a d o S t a t e Archives
CU Univer s i ty of C o l o r a d o
DPL Denver Publ i c Library
EMJ Engineering and Mining Journal
F R C D F e d e r a l Records Center, Denver
HEH Henry E. H u n t i n g t o n Library an<
HU Harvard Univers i ty
MSP Mining and Scientific Press
NA N a t i o n a l Archive s and Records S<
N Y P L N e w York P u b l i c Library
Y U Y a l e U n i v e r s i t y

277



U n i t e d S t a t e s Depar tment o f t h e I n t e r i o r T A K EP R I D E I N

G E O L O G I C A L S U R V E Y
B O X 2 5 0 4 6 M . S . 9 1 1

D E N V E R F E D E R A L C E N T E R
D E N V E R , C O L O R A D O 80225

I N R E P L V R E F E R T O : October 1, 1992

Mr. Macon Cowles
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530 .
960 .
1 1 0 .
£20 .
1 5 5 .

' 1 90 .
6 5 0 .
£70 .

S O .
95.

C d
C ppm J

1 .
1 .
£.
1 .
£.
-
1 .
£ .
1 .
£ .
£.
£.5 .
"j

50 .
1 1 .

4 ,
2.

1 1 .
£ .
£.
1 .
2 .
1 .
1 .

' 6
4
£
S
0
6
0
6
0
0
£
0
£
0
0
2
Ou.
0
0
4
4
4
0
4

K g
C p p b

40
50
6 5
£0

1 1 0
125— ^

35
40
£5
35

1 0 5
250

80
300
2 9 0
1 1 0

50
1 95

S O
90
30

£70
40
30

' .

.

.
-

,
.

f

•

m

.
-

r

,
.

•

^

B

.



J O B N O . M V U 5 9 5
F e b r u a r y 2 4 , 1 9 8 6

P A G E 2

I T E M S A M P L E N U M B E R

•?= 26 C- D E N - 0 0 0 0 2 6 - 0 0 1 7-001 g
— 2 7
— 23

— — 2 9
_30

• 31
. 32

33— • *j •»
35
36
37
38
39
40
4142
— 3
44
45

4 G
47
48
49
50 "
51
cro.̂  w
53
54
trr '

56
57
era
9?

/ G O ' ' A '

D E N - 0 0 0 0 2 7 - 0 0 1 7 - 0 0 1 7
D E N - 0 0 0 0 2 3 - 0 0 1 6 - 0 0 1 7
D E N - 0 0 0 0 2 9 - 0 0 1 6 - 0 O t S
D EN -00 0030-0 01 6-00 t 5
D E N - 0 0 0 0 3 1 - 0 0 1 S - 0 0 1 7
D E N - 0 00 032-0 0 1 8 - 0 01 6
D E N - 0 0 0 0 3 3 - 0 0 1 7 - O O T 6
D E N - 0 0 0 034-0 0 1 S - 0 0 1 5
D E N - 0 0 0 0 3 5 - 0 0 1 7 - 0 0 1 5
D E N - 0 0 0 0 3 5 - 0 0 1 9 - 0 0 1 5
D E N - 0 0 0 0 3 7 - 0 0 2 0 - 0 0 1 5
D E N ' - O 0 0 038-0 0 2 1 - 0 0 1 5
D E N - 0 0 0 0 3 9 - 0 02 1-Q 01 4
D E N - 0 0 0 040-0 02 0-00 14
D E N - 0 00 04 1-0 01 3-0 01 4
D E N - 0 0 0 0 4 2 - 0 0 1 7 - 0 0 1 4
D E N - 0 0 0 0 4 3 - 0 0 1 6 - 0 0 1 4
D E N - 0 0 0 0 4 4 - 0 0 1 7 - 0 0 1 3
D E H - 0 0 0 0 4 5 - 0 0 15-0 01 3
D E N - 0 0 0 0 4 6 - 0 0 1 5 - 0 0 1 3
D E N - 0 0 0 0 4 7 - 0 0 1 6 - 0 0 1 3
D E N - 0 0 0 0 4 2 - 0 0 1 5 - 0 0 1 3
D E N - 0 0 0 0 4 9 - 0 0 1 4 - 0 0 1 3
D E N - 0 0 0 0 5 0 - 0 0 1 4 - 0 0 1 2
D E N - 0 0 0 0 5 1 - 0 0 1 5 - 0 0 1 2
D E N - 0 O O O S c - 0 0 1 £ - 0 0 1 2
D E N - 0 0 0 0 5 3 - 0 0 1 7 - 0 0 1 2
D E M - 0 0 0 0 5 4 - 0 0 1 S - 0 0 1 2
D L N - 0 0 0 0 5 5 - 0 0 1 3-001 1
D E N - 0 0 0 0 5 6 - 0 0 1 4-001 1
D E N - 0 00 057-00 1 5 - 0 0 1 1
D E N - 0 0 0 0 5 3 - 0 0 1 5 - 0 0 1 1
D E N - 0 0 0 0 5 9 - 0 0 1 7 - 0 0 1 1
D E N - O O O O S O - 0 0 1 8 - 0 0 1 1

Cu
( p p m )

20 .
30 .
35.
35 .
£0.
1 5 .
1 0 .
1 5 .
1 0 .
20.
20 .
1 0 .
1 0 .
1 0.
20 .
30.
1 5 .
20 .
£0.
20.
35 .
30 .
25.
25.
40 .
20 .
25.
£5 .
£0 .
6 5 .
35 .
45.
40 .
30 .

P b
( ppm )

I c 5 .
o :rW —I .

1 15.
140 .
40.

1 3 5 .
80 .

S 0 5 .
1 0 0 .

90..
55.
40.
35 .

1 3 0 .
40 .

41 0 .
S O .

345 .
345
205 .
135.
5 0 0 .
150 .
470.
550 .
130 .
1 1 0 .
150 .

S O .
525.
5 S O . '
780 .
260 .
220.
I S O .

I n
( p p m 3

120 .
120 .
270 .
200 .

85 .
1 0 0 .

80 .
1 S S .

80 .
130..

5 0 .
£5.
50 .
70 .
75 .

1 65.
S O .
85.

170 .
1 1 0 " .
1 40 .
280 .
220 .
430 .
300 .
1 6 0 .
I S O .
230 .

50 .
340 .
— ^ "™l

2 1 5 .
' £20 .

31 0 .
300 .

• Cd
C p p n )

1 .
2 .
2.
2 .
1 .
1 .
1 .
1 .
1 .
3 .
1 .
1 .
1 .
1 .
1 .
2.
1 .
4 _
1 .
1 .

2 .
4 .
2.
S .

«,

1 .
1 .
2.
1 .
3 .
2 .
3 .
2.
2.
2.

6
0
6
S
4
2

ft

3
6
2. -
T̂ .
0
0
2

X"T

0
S
2
9
0

0-
0
8
5
0
S
6
0
S4
6
0
ow
6
0

H g( p p b )

35 .
50 .

4£0 .
45.
£5 .
55 .
25.

140 .
£5..
— 5

• 30 .
£ 0 .
20 .
£0 .
' £ 5 .
80 .
£0 .
45 .
40.

A ^

1 1 5.
1 65.
1 30 .
6 0 0 .
800 .

85.
40.

420 .
S O .

785.
3 1 5 .
6 3 5 .
745.
1 55.

S O .

S K Y L I N E LABS, I N C .



J O B N O . M V U 9 9 5
F e b r u a r y 2 4 , 1 9 8 6

P A G E 3

I 7 E M

-61
-62 J

-63 \
-64
-65
-60

~~<s7
- 65
-69

- 70
-71

72
73
74
75
75 177
7S
79
80 i

/ 8 1
-52 I
-23 f
-84 (
-85 B
—B& 3
-87 i
-88 i
,-39 '
— - ° C
— 9 1

V U.

93
— 9 4— tfr ,

S A M P L E N U M B E R

& D E N - 0 0 0 0 6 1 - 0 0 1 5 - 0 0 1 1
5 D E N - O O Q 0 6 2 - 0 0 2 0 - 0 0 1 1
3 D E N - 0 0 0 0 6 3 - 0 0 2 1 - 0 0 1 1
& D E N - 0 0 0 0 6 4 - 0 0 2 2 - 0 0 1 1
3 D E N - 0 0 0 0 6 5 - 0 0 2 3 - 0 0 1 1
& D E N - 0 0 0 0 6 6 - 0 0 2 3 - 0 0 1 0
i> D E N - 0 0 0 0 6 7 - 0 0 2 2 - 0 0 1 0
& D E N - 0 0 0 0 6 8 - 0 0 2 1 - 0 0 1 0
3 D E N - 0 0 0 0 6 9 - 0 0 2 0 - 0 0 1 0
£ , D E N - 0 0 0 0 7 0 - 0 0 1 5 - 0 0 1 0
<j> D E N - 0 00 071 - 0 0 1 S - 0 0 1 0
] D E N - 0 00 0 7 2 - 0 0 1 7-00 1 0

D E N - 0 0 0 0 7 3 - 0 0 1 6 - 0 0 1 0
D E N - 0 0 0 0 7 4 - 0 0 1 5 - 0 0 1 0

I D E N - 0 0 0 0 7 5 - 0 0 1 4 - 0 0 1 0
D E N - 0 0 0 0 7 6 - 0 0 1 3 - 0 0 1 0
D E N - 0 0 0 0 7 7 - 0 0 1 3 - 0 0 0 9
D E N - 0 0 0 0 7 S - 0 0 T 4 - 0 0 0 9
D E N - 0 0 0079-0 01 5-00 09
D E N - O O O O S O - 0 0 1 6 - 0 0 0 9
D E N - 0 00 OS 1-00 17-0 009

^ D E N - O O O O S 2 - 0 0 1 S - 0 0 0 9
5 D E N - 0 0 0 0 8 3 - 0 0 2 0 - 0 0 0 9
5> D E N - 0 00 084-0 021 -00 09

D E N - 0 0 0 0 8 5 - 0 0 2 2 - 0 0 0 9
' D E N - 0 0 0 0 8 6 - 0 0 2 E - 0 0 0 3
J D E N - O O O O S 7 - 0 0 2 1 -0003
1 D E N - 0 0 0 0 8 8 - O O E O - O O C 8
a , D E N - 0 0 0 0 3 9 - 0 0 1 9 - 0 0 0 . °

D E N - 0 00 09 0-0 01. 5-0 OOS
D E N - 0 0 0 0 9 1 - 0 0 1 7 - O O O S
D E N - 0 0 0 0 9 2 - 0 0 1 6-0008
D E N - 0 0 0 0 9 3 - 0 0 1 5 - 0 0 O S
DEN - 0 0 0 0 9 4 - 0 0 1 4 - 0 0 0 . S

' D E N - 0 0 0 0 9 5 - 0 0 1 3 - O O O S

Cu
( p p m )

• 30 .
£5 .
20 .
25 .
20 .
20 .
20.
20 .
20 .
20 .
25 .
35.
20 .
50 .
45.

' £5.
60 .
30 .-
20 .
25.
20 . •
20 .
15 .
£0 .
20 .
1 0 .
1 5 .
1 0 .
1 0 .
20 .
15.
50 .
25.
25.
£5 .

£b
C ppm )

3 6 5 .
2 1 5 .

75.
150 .

75 .
140 .
75.
50 .
40 .

1 5 5 .
170 .
1 9 0 . '
1 80 .
2 S 5 .
675 .
535.
550 . •
245.
370 .
925. .
305.
1 05.

60 .
1 05.

6 0 .
25 .

1 00 .
70 .
S O .
60 .
30.

' 2 5 0 .
240 .
320.
140 .

Z n
C p p m )

220 .
150 .

80 .
1 6 0 .

50 .
1 2 5 .
1 1 0 .
85.
35.n o .

' 1 1 0 .
240 .
2 0 5 .
390 .
5 1 0 .
740 .
I S O .
245.
280 .
250 ..
1 05.
1 05.

70 .
90 .

1 4 5 .
30 .
90 .
55.
50 .

1 0 0 .
60 .

1 65.
' 1 7 0 .

180 .
155.

• Cc
( p p

2.
1 .
1 .
1 .
1 .
1 .
2.
1 1
1 .
1 .
1 .

• 2.
1 .
2.
£-
3 .4 _
2.
1 .
2.
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
2.
1 .

m )

8
3
6
6
6
6 '
0a
4
6
34
C

6s
4
5
0 '
8
6
4
4

A

6
4

0
4
4
2
4
*?
6
3
0

A

H e
( p p b )

250 .
240 .

50 .5 —
35 .
60 .
65.
"T "
"7 ^
50."
25 .

400 .
1 90 .
£45.
440 .
200 .
255 .
400 .
1 0 0 .
850.
1 1 0 .

35 .
40 .
30 .
25.
20 .
£0 .
30 .
20 .
50 .
20 .
70 .

320 .
1 2 0 .

40 .

S K Y L I N E L A B S , I N C .
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J O B N O . n V U 9 9 5
F e b r u a r y £ 4 , 1 9 8 6

P A G E 4

I T E M

^ —— 96
— 97

- — 98_ 50
—1 00

— .101 '
_J 02 '
—4 03

... 1 04 ?
_ 1 05 t
_1 06
__1 07 ^
_1 OS -
-109

_1 1 0 i
"_ 1 1 1 V
_1 12 ~
-1 13
-114
_J 15
- 1 1 6
-1 17

- 1 1 3 '-n 9-
-1 £0

— 1 £ 1
-122
_1 £3
-} £4
-1£5
-126
-127
-1 23 ;
-129
-1-30 [

S A M P L E N U M B E R

(s
•? D E N - 0 0 0 0 9 6 - 0 0 1 3 - 0 0 0 7 c

i j D E N - 0 0 0 0 9 7 - 0 0 1 4 - 0 0 0 7
^ D E N - 0 0 0 0 9 S - 0 0 1 5 - 0 0 0 7
^ D E N - 0 0 0 0 9 9 - 0 0 1 6 - 0 0 0 7
^ / D E N - 0 0 0 1 0 0 - 0 0 1 7 - 0 0 0 7
^ - D E N - 0 0 0 1 01 -0013-0007 (-
I D E N - 0 0 0 1 - 0 2 - 0 0 1 9 - 0 0 0 7
B D E N - 0 0 0 1 0 3 - 0 0 2 0 - 0 0 0 7
5 D E N - 0 0 0 1 0 4 - 0 0 2 1 - 0 0 0 7
i D . E N - 0 - 0 0 1 0 5 - 0 0 2 2 - 0 0 0 7
5 D E N - 0 0 0 1 0 5 - 0 0 2 1 - 0 0 0 5
b D E N - 0 0 0 1 0 7 - 0 0 2 2 - 0 0 0 6

D F N - 0 0 0 1 O S - 0 0 2 0 - 0 0 0 6
3 D E N - 0 0 0 1 09-001 S - 0 0 0 6

D E N - 0 0 0 1 1 0-001 7 - 0 0 0 6
i D E N - 0 0 0 1 1 1 - 0 0 1 6 - 0 0 0 6

D E N - 0 0 0 1 12-0 01 5- 00 Ob
' D E N - 0 0 0 1 1 3 - 0 0 1 4 - 0 0 0 6

D E N - 0 0 0 1 1 4 - 0 0 1 3 - 0 0 0 6
D E N - 0 0 0 1 1 5 - 0 0 1 3 - 0 0 0 5
D E N - 0 0 0 1 1 6 - 0 0 1 4 - 0 0 0 5
D E N - 0 0 0 1 1 7 - 0 0 1 5 - 0 0 0 5
D E N - 0 0 0 1 1 8 - 0 0 1 6 - 0 0 0 5
D E N - 0 0 0 1 1 9 - 0 0 1 7 - 0 0 0 5
D E N - 0 0 0 1 20-0 0 ( 8 - 0 0 0 5
D E N - 0 0 0 1 2 1 - 0 0 1 9 - 0 0 0 5
D E N - 0 0 0 1 22-00 £0-0 0 0 5
D E N - 0 0 0 1 2 3 - 0 0 2 1 - 0 0 0 5
D E N - 0 0 0 1 24-00 2 2 - 0 0 0 5
D E N - 0 0 0 1 £5- 00 22-00 04
D E N - 0 0 0 1 2 6 - 0 0 1 9 - 0 0 0 4
D E N - 0 0 0 1 2 7 - 0 0 1 3 - 0 0 0 4
D E N - 0 0 0 1 2 8 - 0 0 17-0 0 0 4
D E N - 0 0 0 1 2 9 - 0 0 1 6 - 0 0 0 4
D E N - 0 0 0 1 3 0 - 0 0 1 5 - 0 0 0 4

Cu
(. ppm )

15.
^ 45.
•— •" £5 .
O' £C .

C ' - 2 0
^ 15.

1 0 .
1 0.
1 0 .
1 0 .

' 1 0 .
1 0.
1 0 .
£5.
25.
£5.
£5 .
£5.
~* W .

45.
30 .
£0 .
30.
£5.
£0.
3 0 . '
£5.
15 .

— !T
15.
30 .
30.
£0 .
£ 0 .
25.

Pb
( p p m )

1 0 0 .
£50 .
160 .
345.
540 .

50 .
20 .
55.

' 15.
. £5.

£0 .
£ 0 .
30 .
35 .
75 .

630 .
41 0 .
1 1 0 .
21 0 .

1 2 0 0 .
£ 0 5 .
1 5 5 .
£70 .

1-900 .
120 .
1 3 5 .
40 .
20 .
40.
95. •
o :r
55.
40.
70.

1 3 0 .

Z n
C p p r n )

85.
300 .
1 15.
1 8 0 .
1 5 5 .

yr
' 6 0 .
45.
40 .
40 .
35 .~7 r̂ ~
45 .
95 . "
90 .

1 9 0 .
180 .
1 £ 0 .
3£5.
3 1 5 .
1 6 0 .

95 .
140 .
325.
1 05.
1 2 0 .
1£0 .

~J O .
9 0 .
90 .

1 1 0 .
1 05.

55.
1 0 0 .
120 .

' Ct p

1
3
1
1
1
2
1

1
1
1
1
1
1
1
c
£
1
1
1
1
1
1
1
1
1
1
1

.1
1
1
1

d
pm )

. 4

. 0

. ~

. 6

.£

. 0
O.

. 0o
-.3

t**. O
..0
. 0
. 4
.4

o
o

. 6̂
o

. S .
.' 4
. 6

O. w
. 6
. 6
. 6
.£
. 6
. £
. 4
. 6
. £
. 6
. 8

H g
C p p b )

35 .
50 .
75.
35 .

1 1 5 .
— —
£0 .
£0 .
25... . . ep .
50 .
35 .
35 .
•45
50 .
c tr
90 .
S O .

1 1 0 .
130 .

95 .
90 .
95
35 .
33 .
45 .
35.
£0 .•7 —
30 .
40 .
35.
30 .
35 .
35 .

S K Y L I N E L A B S , I N C .
S P £ C ! A C : S T 3 I N E X P L O R A T I O N G H O C H E . M I S T H Y



J 0 3 N O . f i V U ? ? 5
F e b r u a r y £ 4 , 1 9 3 6

P A r* — ~-A^c ^

I T E M

— 1 3 1
— 1 3 2
~~1 33

J ^ "*̂
-,135
™^1 J w

—1 37
— 1 33

— 1 4 0 1
-141 /

— ' 1 4 2
— -1 43

— -1 44
_145

— 1 4 5 s
— 147
-143

— 1 4 9 r
,-] 50 x

-151
-1 52
— I 53

—1 54
J-<g5T
U-S: : . ;_157~<:r̂

_1 6 0 *
-1 G 1 £
-4 62 j>
- 1 6 3 =
-464

, 4 - 6 - 5 ' , ]

S A M P L E N U M S E R

5 D E N - 0 0 0 1 3 1 - 0 0 1 4 - 0 0 0 4
i D E N - 0 0 0 1 3 2 - 0 0 1 3 - 0 0 0 4
e, D E N - 0 0 0 1 3 3 - 0 0 1 2 - 0 0 1 5

I D E N - 0 0 0 1 3 4 - 0 0 1 2 - 0 0 ! 4
D E N - 0 0 0 1 35-0 01 £ - 0 0 1 3

, D E N - 0 0 0 1 3 5 - 0 0 - 1 2 - 0 0 1 2
I D E N - 0 0 0 1 3 7 - 0 0 1 3 - 0 0 1 3

/ D E N - 0 0 0 1 3 S - 0 0 1 3 - O O T 2
/ D E N - 0 0 0 1 3 9 - 0 0 1 1 - 0 0 1 2

D E N - 0 0 0 140-0 01 1.-0013
D E N - 0 0 0 1 4 1 - 0 0 1 1 - 0 0 1 4
D E N - 0 0 0 1 4 2 - 0 0 1 1 - 0 0 1 5
D E N - 0 0 0 1 4 3 - 0 0 1 1 - 0 0 1 6
D E N - 0 0 0 1 4 4 - 0 0 1 1 - 0 0 1 7
D E N - 0 00 1 45-001 1 - 0 0 1 8

/ D E N - 0 0 0 1 4 G - 0 0 1 1 -001 9
J , D c N - 0 0 0 1 4 7 - 0 0 1 1-0020

J D E N - 0 0 0 1 4 3 - 0 0 1 0-001 9
3 D E N - 0 0 0 1 4 9 - 0 0 ! 0 - 0 0 £ 0
S D E N - 0 0 0 1 5 0 - 0 0 1 0 - 0 0 1 8
3 D E N - 0 0 0 1 5 1 - 0 0 1 0 - 0 0 1 7
B D E N - 0 0 0 1 2 2 - 0 0 1 0 - 0 0 1 6

I D E N - 0 0 0 1 5 3 - 0 0 1 0 - 0 0 1 5
B D E N - 0 0 0 1 5 4 - 0 0 1 0 - 0 0 1 4

D E N - 0 0 0 155-0 01 3-001 4
D E N - 0 0 0 1 5 6 - 0 0 1 3 - 0 0 1 5

;. D E N - 0 0 0 1 5 7 - 0 0 1 3 - 0 0 1 6
D E N - 0 0 0 1 58 -001 3-001 7
D E N - 0 0 0 1 5 9 - 0 0 13-00 I S

V D E N - 0 0 0 1 6 0 - 0 0 1 3 - 0 0 1 9
D E N - 0 0 0 1 6 1 - 0 0 1 3 - 0 0 2 0
D E N - 0 0 0 1 6 2 - 0 0 12-0 0 2 0

- D F N - 0 0 0 1 5 3 - 0 0 1 £ - 0 0 1 9
D E N - 0 0 0 1 6 4 - 0 0 1 2 - 0 0 1 3

/ D E N - 0 0 0 1 6 5 - O O I c - O O l 7

Cu
C ppm J

25.
£0 .
50 .
70 .
30 .
1 5 ,
90.
60 .
65 .
35 .
15.

1 £ S .
£0 .
"7 ET

20 .
20 .
15.
20 .
20..
£5.
55 .
30 .

1 0 0 .
35 .
40 .
45.
65 .
50.
£5.
25.
£0 .
15.

. 15.
£5.
25.

P b
( ppm )

1 6 0 .
400 .

90 .
£ 3 0 .
S 2 0 .

75.
570.
630 .
2 0 0 .• 1 0 0 0 .
55.

' 2 7 5 ' .
1 35.
3 1 5 .
200 .
140 .

30.
75.
30 .

125.
370.
485.
330.
1 SO .
1 5 5 .
530 .
1 05.
390 .

65.
70 .
50 .
35.
50.

130 .

Z n
C p p m ]

170 .
155.
1 05.
420 .
£1 0 .
1 £ 5 .
420 .
5£0 .
270 .
250 .

90 .
320 .
1 1 0 .
260 .

95.
90 .
60 .
90 .
6 5 .

1 1 0 .
230 .
1 65.
-i — W *

145 .
300 .
£50 .
305.
130 .
85.
95.
65.
60 .
60 .
S O .

120 .

• c
f p

1
1

' 1T
£
1

! I
:r
£
c.
£
4
1
£
1
1
1
1
1
1
1
1
1
1
1
c
2
c
2

I
1
1
1
1
£

d
pm )

. 6

. S

.3

. 0

. 4

. 6

. 0

. 0

. 3

.8

. 2

. 5

. 4

. 4

. 4

r 4
. c.
. 6
. 6
. 6
. 8
..£
. 6
. 6
. S

V

, 2a
. 0
. 0
.6
. 4
.£ .
.2
.2
. 0

K g
C p p b )

65.
170 .

20.
90 .

1 £40 .
60 .

150 .
£1 5.
370 .
325 .

30 .
230 .

£0 .
. I S O .

30 .
30 .
£0 .
25.-
20 .
30 .

155.
40 .

2 S O .
50 .
60 .
50 .
S O .
40 .— —
35 .
30 .
20.
£5.
30.
75.

S K Y L I N E L A B S , I N C .



J O B N O . r v u 9 9 5
F e b r u a r y 2 4 , 1 9 8 6

P A G E 6

I T E M S A M P L E N U M S E R

_ 3-5 S C, D E N - 0 0 0 1
• — 1 6 7 p D E N - 0 0 0 1
— 1 6 8 D E N - 0 0 0 1

_ _ 1 6 9 D E N - 0 0 0 1
^170 D E N - 0 0 0 1
^171
- M 7 2
^•173
-M74
.,175
^175
-177_ 1 73

- ' 1 7 9
- ' I S O
- - 1 S 1
- - 1 S 2
- 1 S 3
- - 1 S 4
-125 J

D E N - 0 0 0 1
D E N - 0
D E N - 0
D E N - 0
D E N - 0
D E N - 0

. D E N - 0
D c N - 0
D E N - 0
D E N - 0
D E N - 0
D E N - 0
D E N - 0
D E N - 0

1 D E N - 0
— 1 S S D E N - 0
- ' I 3 7 . D E N - 0
-133 D E N - 0
^139 D E N - 0
" \ 90 D E N - 0
-1 9 1
- 1 92
-1 93

D E N - 0
D E N - 0

/ D E N - 0
1 94 -V D E N - 0

^195 E? D E N - 0
-196 c D E N - 0
-497 | D E N - 0
- f 9 S J D E N - 0
1-99 / D F N - 0
- S O 0 J / D E N - 0

0 0 1
0 0 1
001
001
0 0 1
00 1
0 0 1
001
00 1
001
001
001
0 0 1
0 0 1
001
0 0 1
00 1
00 1
0 0 1
0 0 1
00 1
00 1
0 0 1
0 0 1
0 0 1
0 0 1
00 1
001

6 6 - 0 0
67-00
63-00
6 9 - 0 0
70-00
71-00
72-00
73-00
74-00
75-00

12-001 6
1 0-001 3
1 0 - 0 0 1 2
0 9 - 0 0 1 2
09-00
09-00
09-00
09-00
09-00
09-00

7 6 - 0 0 - 0 9 - 0 0
77-00
78-00
79-00
30-00
31-00
S E - 0 0
33-00
84-00
35-00
36-00
87-00
88-00
89-00
90-00
9 1 - 0 0
92-00
93-00
94-00
95-00
9 6 - 0 0
97-00
98-00
99-00

0 0 2 0 0 - 0 0

09-00

13
14
15
16
17
18
\

1 9
20

08-0020
08-00
O S - 0 0
O S - 0 0
08-00
O S - 0 0
O S - 0 0
O S - 0 0
08-00
07-00
07-00
07-00
07-00
07-00
07-00
07-00
07-00
07-00
12-00
1 2 - 0 0
12-00
12-00
12-00

1 9
18
17
1 6
15
1 4 '
13
12
12
13
14
15
1 6
17
I S
1 9

20 '
12
1 1
1 0
09
08

Cu
C ppm )

6 0 .
35.
30 .
40 .
30 .
40 .
65.
50 .
25.

• 20 .'
15 .
35 .
20 .
30 .
25.
1 5.
30 .

• 40 .
6 5 .

130 .
75.
25.
7-0 .

1 0 0 .
20 .
30 .
S O .
50.

230 .
• 20.

75.
70 .
40.
40 .
25.

Pb
C ppm )

1 5 0 .
520 .
205.
6 ' 9 0 . •
460 .
1 0 0 .
135.
4 6 0 . '
205.

95.
30 .
65.
40 .
55.
50 .
45 .
80 .

600 .
530 .
475.
360 .
530 .
3 6 5 .
300 .
1 0 0 .

60 .
175.
125.
330 .

" 60 .
800 .
425.
245.
690 .
430 ,

C ppm )

1 S O .
240 .
1 5 5 .
26 0 .
205.
200 .
1 5 5 .
1 25 .
150 .

95. .
65. •

130 .
75.

1 1 0 .
9 5 .
70 .

150 .
255.
1 1 0 .
46 0 .
500 .
1 55.
240 .
2 9 5 .
I C O .
1 6 0 .
255.
225 .
600 .

9 0 .
340 .
440 .

' 1 90 .
270 .
1 7 0 .

• Cd
( . p p m )

2.
7.
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .

C. .
2.
2 .
2 .
3 .
1 .
! .
2.
1 .
1 .
1 .
1 .
3 .
1 .
3 .
2.
1 .
2.
1 .

.*T

0
X-T

3
6
64
0
6
6
24
4
<5

/t

44
0
2
6
T

8
8
0
£

2
6
3
c
6
-
6
6
6
6

H g
f p p b )

1 55.
1 1 0 .

60 .
1 2 S O .

325 .
I S O .
21 0 .

90 .
720 .-.200 ."
1 5 0 .
430 .

90 .
120 .
120 .

15.
50 .

135.
155 .
390 .
170 .

' 1 1 5 .
1 65.
2 D O .

50 .
6 5 .

1 6 5 .
H O .
340 .
1 4 5 .
120 ..
1 9 0 .
35.

470 .
130 .

S K Y L I N E L A B S , I N C .
S P E C I A L I S T S I N E X P L O R A T I O N G E G C H 6 W I S T H Y



S K Y L I N E L A B S , I N C .
12CSO W E S T 50TH P L A C S • WHEAT R I D G E . COLORADO 80023 • TEU (303) <2*-771fl

R E P O R T ' O F A N A L Y S I S

S k y l i n e L a b s , I n c .
1 2 0 9 0 U e s - r 5 0 t h P l a c e
U h e a t r i d g e . C o l o r a d o 80033

J Q 3 N O . J 1 V U 5 9 7
F e b r u a r y 2 4 , 1 9 5 6

' I 7 E M S A M P L E N U M B E R

- - i ' 1 D E N - 0 0 0 2 0 1 - 0 0 1 S - 0 0 0 7
— 2 1 D E N - 0 0 0 2 0 2 - 0 0 1 2 - 0 0 O f a
— 3 / D E N - 0 0 0 2 0 3 - 0 0 1 2 - 0 0 0 4
-4 I D E N - 0 0 0 2 0 4 - 0 0 1 1 - 0 0 0 4
_5 (p D E N - 0 0 0 2 0 5 - 0 0 1 1 - 0 0 0 5
_6 £> D E N - 0 0 0 2 0 S - 0 0 1 1 - 0 0 0 6

— 7 c- D t W - 0 0 0 2 0 7 - 0 0 1 1 -0007 •
. — S 'c- D E N - 0 0 0 2 0 S - 0 0 1 1 - 0 0 0 3
_ -5 c D E N - 0 0 0 2 0 9 - 0 0 1 1 - 0 0 0 9
_J 0 ' c_ D E N - 0 0 0 2 1 0-00 1 1 - 0 0 1 0

_ 1 1 c . D E N - 0 0 0 2 1 1 - 0 0 1 1 - 0 0 1 1
— 1 2 j g . D E N - 0 0 0 2 1 2-00 1 0-00 1 1

_ 1 3 T S . D E N - 0 0 0 2 1 3 - 0 0 1 O - ' O - O 1 0
^1.- •& D E N - 0 0 0 2 1 4-00 1 0 - 0 0 0 9

_ _ L S 1 D E N - 0 0 0 2 1 5 - 0 0 1 0 - 0 0 0 3
_ J 6 / D E N - 0 0 0 2 1 6 - 0 0 1 0 - 0 0 0 7
— 1 7 I D E N - 0 0 0 2 1 7 - 0 0 1 0 - O O O S
-4-S / D E N - 0 0 0 2 1 S - 0 0 1 0-0005

- 4 9 ! D E N - 0 0 0 2 1 9 - 0 0 1 0 - 0 0 0 4
— 2 0 ! D F N - 0 0 0 2 2 0 - 0 0 0 9 - 0 0 0 4

j
^ — 2 1 | D E N - 0 0 0 2 2 1 - 0 0 0 9 - 0 0 0 5

_22 i D E N - 0 0 0 2 2 2 - 0 0 0 9 - 0 0 0 6
— 2 3 \ D E N - 0 0 0 2 2 3 - 0 0 0 j - 0 0 0 7

— 2 4 ! D F N - 0 0 0 2 2 4 - 0 0 0 9 - 0 0 0 8
— £5 ^ D E N - 0 0 0 2 2 5 - 0 0 0 9 - 0 0 0 9

' Cu '
C ppm )

40 .
60 .
20 .
30.
50 .
4 0 . -
35 .— — '
30 .
30 .
40 .

1 5 5 .
40 .
2 0 .
40 .
45.
30.
25.
30.
20 .
20 .
30 .
40 .

1 15.
40.

Pb
1 C ppm J

70 .
1 5 5 .

40 .
75.

• 1 0 0 .
530 .
930 .

7 0 . '
240 .
235 .
500 .
440 .
1 6 5 .
6 S O .
1 5 5 .
415.

£5 .
55.
45.
S O .

1 1 0 .
55.
75.

155.
185.

Z n

1 1 0 .
1 75.

75..
55.

1 1 0 .
I S O .
2 3 0 . '
1 1 0 .
150 .
220 .
480 .
6 1 0 .
1 6 0 .
£ 1 5 .
21 0 .
120 .
1 1 0 .
85.
95 .
90 .

' l l O .
1 15.
1 15.
36 0 .
1 7 0 .

C
f P

1
1
1
1
1
2
1
1

=•
3—
1
2
2
1
1
2
1
1
1
1
1
2
Z

;d
r P m )

.. ,
0

.3

.6
O

• 3
. 0
. 2
. 8
. & •
. 0
_ 4
.8

2
. 0
. S
. 6
. 0
. 6

— t. C.

-2.4
.2
. 3
. 0

K g
C p p b )

50 .
1 0 0 .

"7 ZT
1 1 5 .
35.

1 2 0 .
1 7 0 . '

20 .
45.
75.
55 .

3r 0 .
130 .
50.

1 1 0 .
120 .

35 .— -r
35
20 .
35 .
30 .
30 .

1 6 5 .
6 0 .



J O 5 N O . t t V U ? = 7
F e b r u a r y 2.4, 1 5 S G

P A f~ *~ -̂i*<\rc. c

I T E M S A M P L E N U M B E R

, 2 6 "g>D E N -000 S 2 £ - 0 0 0 5 - 0 0 1 0
£7 ) D E N - 0 0 0 2 2 7 - 0 0 0 9 - 0 0 1 1
23
29

D E H - 0 0 0 2 2 S - O O O S - Q 0 1 1
D E N - 0 0 0 2 2 5 - 0 0 0 7 - 0 0 1 1

30 i D E N - C Q C E 3 G - 0 0 0 7 - 0 0 1 0
3 1
32
33
34j£ —
36

DEN -000 23 1 - 0 0 0 7 - 0 0 0 9
D E N - 0 - 0 0 2 3 2 - 0 0 0 . 5 - 0 0 1 0
D E N - 0 0 0 233-00 O S - 0 0 0 5
D E N - 0 0 0 234-0 0 0 5 - 0 0 O S
D E N - 0 0 0 2 3 5 - 0 0 0 7 - - 0 0 0 3 _

' D E N - O O C 2 3 6 - 0 0 0 7 - 0 0 0 7
' 3 7 D E N - C O Q 2 3 7 - O O O S - O O C 7
33 D E N - 0 0 0 2 3 S - 0 007-0 0 0 6
3 S D E N - 0 0 0 2 3 5 - O O Q 7 - 0 0 0 5
40 / D E N - 0 0 0 2 4 0 - 0 0 0 3 - O O Q S

1

- 4 1 | D E N - O O Q 2 4 1 - O O O S - O O C 5
42 j D E N - 0 0 0 2 4 2 - 0 0 0 7 - G O Q 4
4 3 D E N - O Q 0 2 4 3 - 0 0 0 8 - 0 0 0 4
4 4 I ' D E N - 0 0 0 2 4 4 - 0 0 0 7 - 0 0 0 3
45
4S
47
43
45
50

^

D E N - 0 00-245-0 007-0 0 0 2
D E N - 0 0 0 2 4 S - 0 0 0 7 - O O O I
D E N - 0 0 0 2 4 7 - 0 0 0 7 - 0 0 0 0
D E N - 0 0 0 2 4 3 - O O O S - O O O O
D E N - 0 0 0 2 4 9 - 0 0 0 8 - 0 0 0 1
D E ? - i - 0 0 0 2 5 0 - O O O S ~ O O C 2
D EN- 0 0 0 25 1 - 0 0 0 S - 0 0 0 3

5 2 ' | D E N - Q 0 0 2 5 E - 0 0 0 9 - 0 0 0 2
5 3 j D E N - O O Q 2 S 3 - O O O S - 0 0 0 1
5 4 D r N - 0 0 0 2 5 4 - 0 0 0 9 - 0 0 0 0
55 ! D E N - 0 0 0 2 S 3 - 0 0 1 0 - 0 0 0 0
5 6 ' D E . N - 0 0 0 2 S G - 0 0 1 0 - 0 0 0 1
5 7 D E N - O O Q 2 5 7 - 0 0 1 0 - 0 0 0 2
53 ! D E N - 0 0 0 2 5 S - 0 0 1 1 - 0 0 0 2
59 1 D E N - 0 0 0 2 5 9-0 01 1 - 0 0 0 3

/ 6 0 ' v V D E N - O O Q 2 6 0 - 0 0 1 0 - 0 0 0 3

Cu
( p p m )

25 .
40 .
30 .
40 .
40 .
75.

-, •«*

50.
1 0 0 .
35.
-T£
™ ~

30 .
1 5 .
40 .
23 .
£5.
30 .
20 .
20 .
1 5.
25.
1 5 .
20 .
£0 .
1 5 .
1 5 .
1 5 .
20 .
£ 0 .
20 .
20 .
£ 0 .
20 .
£ 0 .

P b
1 ( ppm )

53 .
630 .
6 o O .

1 300 .
1 0 0 .
230 .
2 0 5 .
240 .
245.

40 .
1 0 0 . '

2 S O . '
50 .

400 .
33 .
90 .

' 6 0 .
140 .

70 .
1 05.

40 .
50 .
33 .
60 .
35 .
35.
40 .
40 .
30.
50.
9 0 .
50 .

6 2 0 .
133.
45.

Z n
{ p p m )

M O .
270 .
1 95.
400 .
140 .
300 .
1 50 .
300 .
660 .
1 1 0 .

' 130 .
133 .
120 .
1 0 3 .
1 03 .
120 . .
1 0 0 . .
120 .
1 0 0 .
1 05.

80 .
20 0 .

73.
•50 .
90 .
?0 .
70 .
6 5 .
S O .
3 5 .

1 1 0 .
1 0 0 .
170 .
1 1 0 .

90 .

• Cd
C pp m )

1
2
1
2
1.

C1
2
2
1
1

. 1
1
1
1

1
c.

t11
11111
J
1111

_ P
. 0
. S
. 0_ 4

. o .

.6

. S

. S

. 0

. 4o
c

. 6

. 4

. 6

. 0

.6

. 6

. 0

. 0

. 0
O

.2

. 6

. 6

.4

. -4
4

. 4

.2

. 6

. 6

. 4

. 6

H g
( p p b )

20 .
450 .
200 .
123.

35 .
1 1 3 .

40 .
6 5 .
a ~
1 5 . '
20 .
30 .
30 .
20 .
1 3.

233 .
£5.
90 .
£0 .
1 0 .
30 .
30 .
1 5.
1 3 .
1 5 .
25 .
1 5.
1 3 .
23 .
35 .
£5 .
20 .

333 .
30 .
1 5 .

S K Y L I N E L A B S , I N C . .
S P E C I X I - . ' J T I I H E J P ' - O R A T I O N G E O C H E M I S T R Y



J O B N O . n V U 9 9 7
F e b r u a r y 2 4 , 1 9 5 5

P A G E 3

. I T E M S A M P L E N U M B E H

— 6 1 £ > D E N - 0 0 0 2 5 1 - 0 0 0 9 - 0 0 0 3
^-62

w "u -3

^

64
63
66
67
68
69
70

D E N - 0 0 0 2 6 2 - 0 0 1 1 - 0 0 0 1
D E N - 0 0 0 2 6 3 - 0 0 1 2 - 0 0 0 3
D E N - 0 0 0 2 6 4 - 0 0 1 2-0002
D E N - 0 0 0 2 6 5 - 0 0 1 2 - 0 0 0 1
D F N - 0 0 0 2 S 6 - 0 0 1 2 - 0 0 0 0
D E N - 0 0 0 2 6 7 - 0 0 1 1 - O O Q O
D E N - 0 0 0 2 6 3 - 0 0 1 3 - 0 0 0 3
D E N - 0 0 0 2 6 9 - 0 0 1 4 - 0 0 0 3
D E N - 0 . 0 0 2 7 0 - 0 0 1 4-0002

i
71 j D E N - 0 0 0 2 7 1 - 0 0 1 3 - 0 0 0 2
72 I D E N - 0 0 0 2 7 2 - 0 0 1 3 - 0 0 0 1
73 D E N - 0 0 0 2 7 3 - 0 0 1 3 - 0 0 0 0
74 i D E N - 0 0 0 2 7 4 - 0 0 1 4 - 0 0 0 0
75
76
77
7S
79
S O
° 1

D E N - 0 0 0 2 7 5 - 0 0 1 4 - O O C l
D E N ' - O 0 0 2 7 6 - 0 0 1 5 - 0 0 0 1
Dr N-0 00277- 00 1 5 - 0 0 0 0
D E N - 0 0 0 2 7 S - 0 0 1 5 - 0 0 0 2
D E N - 0 0 0 2 7 9 - 0 0 1 5 - 0 0 0 3
DEN!- 00 028 0-0 01 6 - 0 0 0 3
D E N - 0 0 0 2 S 1 - 0 0 1 7 - 0 0 0 3

S 2 v K D E N - 0 0 0 2 8 2 - 0 0 1 7 - 0 0 0 2 "
— S 3 & D E N - 0 0 0 4 0 4 - 0 0 1 6 - 0 0 0 2

— € 4 £ , D E N - 0 0 0 4 0 5 - 0 0 1 8-0002
— 2 5 Q , D E N - 0 0 0 2 S 4 - 0 0 1 8-0003
— 5 6

— 87
I S3

S 9
90
9 1

I a 2
1 93

94
I/? 5 v;

D E N - 0 0 0 2 S 5 - 0 0 1 3 - 0 0 0 1
D E N - 0 0 0 2 3 6 - 0 0 1 7-0001
D E N - 0 0 0 2 5 7 - 0 0 1 6 - 0 0 0 1
D & . N - 0 0 0 2 8 S - 0 0 1 6 - 0 0 0 0
D E N - 0 0 0 £ 3 9 - 0 0 1 7 - 0 0 0 0
D E N - 0 0 0 2 9 0 - 0 0 1 9 - 0 0 0 1
D E N - 0 0 0 2 9 1 - 0 0 1 9 - 0 0 0 2
D E N - 0 0 0 2 9 2 - 0 0 1 9 - 0 0 0 3
D E N - 0 0 0 2 9 3 - 0 0 2 0 - 0 0 0 3
D E N - 0 0 0 2 9 4 - 0 0 2 1 - 0 - 0 0 3

Cu
( p . p m 3

20 .
I 0.
55.
35 .
20.
20 .

• . 15.
20 .
£5.
25.

• 20 .
25.
30 .
33 .
40 .
25.
25.
£5 .
20 .
£0 .
25.
25.
£ 0 .
£5 .
£5.
30 .
20.
25.
25.
£5 .
£5.
20.
30 .
20 .
30.

1 ( ppm )

40 .
40 .

2 1 5 .
270 .
333 .

40 .
33 .

' 70 .
• 1 1 0 .

_ 2 0 0 .
1 05.

50 .
45.
50 . '
65 .
60 .
63.

460 .
1 4 5 .

50 .
205 .

50 .
40.

- 40 .
1 00.

45.
300 .

" 130 .
50 .
55.
S O .
50 .
55.
40.
40 .

Z n
( p p m )

1 1 0 .
70 .

400 . •
205.
130 .

95.
90 .
90 .

1 6 5 .
240 .

70 .
95.
25.

1 1 0 .
1 2 0 .
1 05.no .
1 6 0 .
1 30 .
1 0 0 .
130 .

9 5 .
8 c-

1 0 0 .
1 1 0 .
1 1 0 .
140 .
1 15.
1 1 0 .
1 05.
1 1 0 .

90 .
1 0 0 .

70 .
1 15.

• Cd
{ . p p m )

2. 0
1 . 2
1 .8
1 .3
1 .6
1 .2
1 .2
1 .4
1 .6

•2.. 0
' 1 . 6

1 . 6
1 . ' 6
1 .4
1 .4
1 . 5
1 .5
1 . 6
1 . 6
1 . 6
2. 0
1 . 6 '
1 . 6
1 .6
1 .4
1 . 4^ . 6
1 .6
1 . 6
1 .6
1 . 6
1 .4
1 .4

• 1 . 2
1 .4

H g
( p p b )

30 .
£0 .
S O .

130 .
60 .
1 5 .
£0 .
20 .
30 ._
33 .
30 .
13."
20 .
20 .
30 .
25 .
15.
30.
20 .
30 .
20 .
20 .
30 .
20 .
1 0 .
1 0 .
33 .
30 .
1 0 .
30.
30 .
30 .
£0 .
15 .— —

S K Y L I N E LABS, I N C .
S P E C I A L I S T S I N E X P L O R A T I O N G E O C H E M I S T R Y



J O B N O
F e b r u a r y

I 7 E M ' S A M P L E N U M B E R

— 96 i> D E N - 0 0029 5- 0 0 2 1 - 0 0 0 2
^ 57 D E N - 0 0 0 2 5 6 - 0 0 2 1 -000 1

_ - 5 S D E N - 0 0 0 2 9 7 - 0 0 2 2 - 0 0 0 1
— 5 9 D E N - O O C 2 9 8 - 0 0 2 2 - 0 0 0 2

-100 , / D E N - 0 0 0 2 9 9 - 0 0 2 0 - 0 0 0 1
^=T —— )^ — Mi— S ^ t f 0 4 J ^ y

-!••• 0 2 ' ' D EN - 0 0 OgtiQ'S"?- 0 0 ! 4 - T ? T 5 ^
•}£03;:? D E N - 0 0 Ol3!o75- 0 0 1 4 - 1 5 . 5 '
•'-•••• ^^ _ x. * - . * • » _ * * .. .. ., . - r-\* , 1 0 - f C. Q k_ N 0 OJJ_.^_yj3 — Q 0 1 r ' r G . _.

. 3ITO~5 £ D E N - 0 0 0 3 1 0 - 0 0 0 6 - 0 0 1 1
— 1 - 0 6 D E N - 0 0 0 3 1 1 - 0 0 0 6 - 0 0 1 0
- f 0 7 D E N - 0 0031 2 - 0 0 0 6 - 0 0 0 9
-108 D E N - 0 0 0 3 1 3 - 0 0 0 6 - 0 0 0 8
' — 1 0 5 : D E N - 0 0 0 3 1 4 - 0 0 0 6 - 0 0 0 7
^ 1 0 D F N - 0 0 0 3 1 S - 0 0 0 6 - 0 0 0 5

— 1 1 1 D E N - 0 0 0 3 1 6 - 0 0 0 6 - 0 0 0 4
-!12^ D E N - 0 0 0 3 1 7 - 0 0 0 5 - 0 0 0 4

- < 1 l 3 i v D E N - 0 0 0 3 1 S - 0 0 0 4 - 0 0 0 4
— -1 1 4 g, D E N - 0 0 0 3 1 9 - 0 0 0 5 - 0 0 0 5

_ J 1 5 p D E N - 0 0 0 3 2 0 - 0 0 0 4 - 0 0 0 5
_— 1 1 6 f*. D E N - 0 0 0 3 2 1 - 0 0 0 3 - 0 0 0 5
. — - 3 1 7 * D E N - 0 0 0 3 2 2 - 0 0 0 3 - 0 0 0 6
— 1 1 8 B D E N - 0 0 0 3 2 3 - 0 0 0 3 - 0 0 1 0t \ D E N - 0 0 0 3 2 4 - 0 0 0 6 - 0 0 1 2

DEN- 00 0325- 00 06-0 01 3
, DEN- 00 0 3 2 6 - 0 0 0 6 - 0 0 1 4

i i^ D E N - 0 0 0 3 2 7 - 0 0 0 6 - 0 0 1 5
1 2 3 D E . N - 0 0 0 3 2 S - 0 0 0 6 - 0 0 1 6
1 2 4 D E N - 0 0 0 3 2 9 - 0 0 0 6 - 0 0 1 7
125 D E N - 0 0 0 3 3 0 - 0 0 0 6 - 0 0 1 S
1 2 5 / D E N - 0 0 0 3 3 1 - 0 0 0 5 - 0 0 1 8
127 D E N - 0 0 0 3 3 2 - O O O S - O O 1 9
1 2 3 D E N - 0 0 0 3 3 3 - 0 0 0 5 - 0 0 1 7
1 2 9 D E N - 0 0 0 3 3 4 - 0 0 0 5 - 0 0 1 6

V / 1 3 0 ^ D E N - 0 0 0 3 3 5 - 0 0 0 5 - 0 0 1 4

Cu
( ppm )

25.
£5.

. 20 .
1 5 .

N / R
250 .
345.
550 .

., 450 .
50 .
35 .— —
20 .
£0 .
25 .
25.

• c.S .
30 .
£ 0 .
30 .
25.
30 .
30 .
70 .
95 .

300 .
. 90.

45 .
S O .
25.
60 .

•7 c;
70 .
25.

2 9 5 .

P b
1 ( ppm )

40 .
35.
T C ^

20 .
65.

500 .
1 4 5 0 .
1 500 .
2 3 0 0 .

• 2 6 5 .
21 0 .
1 15.

15.
1 5 .

. 40 .
50 .
50.
45.
6 5 .

130 .
45.
6 5 .
20 .

130 .
1 5 0 .

3 ° S
1 £ 5 .

90 .
-80 .
65 .

1 00 .
55.

135 .
55.

375.

Z n
( p p m

Q C

95
70
70
90

1 05
31 0

2700
1 5 5 0

1 40
1 3 0
130

50
1 00

50
1 2 0
1 00
1 00
1 00
155

55
1 20

70
£20
250

1 0 0 0
340
1 40
21 0

90
1 90
1 30
170

90
61 0

• Cd
3 ( ppm

1
1
1
1
1
1

15
S
3
1

' .1
1
1

.

1
1
2
1
1

"7
1
u.
2
6
2
1
1
1
1
1
2
1
3

. 0

. 6

.2.

.2

.6

. 6

. 2

. 0

. 2

.2

. 6
•D

. 0

. 6

.8

. 2o

.4
o

.6

. 4

. 6"

. 2

. 0

. 2

. 2

. 4

. 6

. 6

.2

.62

. 0

. 6

. 6

. M V U 5 9 7
2 4 , 1 9 8 6
P A G E 4

H g
: ( p p b )

1 5\
1 0 .
15.
1 5.
20 .
50 .

1 5 0 0 .
1 50 .
1 1 0 ._

55 .
£5.
£5. •
25.
20 .
30 .
35 .~« —
25.
£5.
35.
35 .
25.
1 0 .

1 1 0 .
150 .
750 .
1 30 .

85.
70.
35 .

130 .
45.

150 .
AQ .

400 .

S K Y L I N E L A B S , I N C .
S P E C I A L I S T S I N E X P L O R A T I O N G E O C H E M I S T R Y



J O B N O . n v u 9 9 7
F e b r u a r y 2 4 , 1 9 S 6

P A G E 5

I T E M S A M P L E N U M B E R

1 1 3 1 3 D E N - 0 0 0 3 3 6 - O O O S - O O 1 2
M 3 2 D F N - 0 0 0 3 3 7 - 0 0 0 5 - O O M

1 33
, ] 3 4y ' i 3 5

1 36
J 3 7
133

. 135
1 40

! 4 ~1 42
143

J / 1 4 4 X
_ 1 45 f,

D E N - 0 00 333-00 O S - 0 0 1 0
D E N - 0 0 0 3 3 9 - 0 0 0 4 - 0 0 1 0
D E N - 0 0 0 3 4 0 - 0 0 0 4 - 0 0 1 1
D E N - 0 0 0 3 4 1 - 0 0 0 3 - 0 0 1 1
D E N - 0 00 342- 0 0 0 3 - 0 0 1 2
D E N - 0 0 0 3 4 3 - 0 0 0 2 - 0 0 1 2 '
D E N - 0 0 0 3 4 4 - 0 0 0 2 - 0 0 1 1
D E N - 0 0 0 3 4 5 - 0 0 0 2 - 0 0 1 0
D E N - 0 0 0 3 4 6 - 0 0 0 1 - 0 0 1 1
D E N - 0 0 0 3 4 7 - 0 0 0 0 - 0 0 1 2
D E N - 0 0 0343-0001 -001 2

/ D E N - 0 0 0 3 4 9 - 0 0 0 1 - 0 0 1 3
r D E N - 0 0 0 3 5 0 - 0 0 0 0 - 0 0 1 4

-146 iv D E N - 0 0 0 3 5 1 - 0 0 0 0 - 0 0 1 5
_ 1 4 7 ( v D E N - 0 0 0 3 5 2 - 0 0 0 1 - 0 0 1 5
~ 1 4 S f \ D E N - 0 0 0 3 3 3 - 0 0 0 1 - 0 0 1 6
_ 1 4 9 (x D E N - 0 0 0 3 5 4 - 0 0 0 2 - 0 0 1 S
_ J 5 0 t , D E N - 0 0 0 3 5 5 - 0 0 0 3 - 0 0 1 6

—- 151 g, D E N - 0 0 0 3 5 6 - 0 0 0 4 - 0 0 1 5
—4 52 ' ""
_-l 53
-t-54

_155 I

D E N - 0 0 0 3 5 7 - 0 0 0 4 - 0 0 1 4
D E N - 0 0 0 3 5 3 - 0 0 0 4 - 0 0 1 5
D E N - 0 0 0 3 5 . 5 - 0 0 0 3 - 0 0 t 5

/ D E N - 0 0 0 3 6 . 0 - 0 0 0 4 - 0 0 1 7
— 1 5 6 f t . D F N - 0 0 0 3 6 1 - 0 0 0 4 - 0 0 1 8
_ 1 5 7 * D E N - 0 0 0 3 6 2 - 0 0 0 4 - 0 0 1 9
_153 h D E N - O O C 3 6 3 - 0 0 0 3 - 0 0 1 3
_ _ J 5 9 i v D E N - 0 0 0 3 6 4 - 0 0 0 3 - 0 0 1 7
_1 G 0 £ D E N - 0 0 0 3 6 5 - 0 . 0 0 2 - 0 0 1 3
_ 1 6 1 £> D E N - 0 0 0 3 6 6 - 0 0 0 5 - 0 0 0 2
_^16213 D E N - 0 0 0 3 6 7 - 0 0 0 5 - 0 0 0 9
— 163 (^ D E N - 0 0 0 3 6 S - 0 0 0 4 - 0 0 0 9

1 6 4 F - D E N - 0 0 0 3 6 9 - 0 0 0 4 - O O O S
_ _ J 6 5 - f t D E N - 0 0 0 3 7 0 - 0 0 0 3 - 0 0 0 3

Cu
C ppm )

45.
90 .
30 .
35 .
55 .
40 .
45 .
60 .
25 .
30.
1 5 .

1 2 5 .
1 1 0 .

35 .
25.
15 .
20.

. 30 .
25 .
55.

21 0 .
Q C
80 .

225.
1 95.

50 .
20.
20 .
20 .
65 .
30 .
35 .
30 .
25.
50 .

P b
1 ( ppm )

85.
1 3 5 .

85.
75 .
95.

. - I T
55.
70.
40 .
50.
40 .
35.

2 6 5 .
40 .
30 .
25.

500 .
6 5 .
45 .
75.

290 .
150 .
1 4 5 .
390*.
320 .

6 5 .
50 .
30 .
30.

1 1 0 .
45.
50.
t r ' c 1
^ w .
35 .
30 . .

Z n
( ppm )

1 6 0 .
300 .
130 . •
130 .
270 .
1 40 .
120 .
1 5 0 .
1 0 0 .
1 0 0 . .

• 50 .
220 .
330 .
1 0 0 ._sp .

60 .
300 .
1 1 0 .

95 .
90 .

750 .
290 .
230 .
760 .
640 .
1 0 0 .
70.
60 .
70 .

1 6 0 .
120 .
1 0 0 .
120 .

90 .
1 1 0 .

• Cd
C ppm )

Z. 0
2. 0
1 .3

. . 1 . 6
2. 0
1 . 6
1 .6
2. 0
1 .2

. 1 . 5
1 . 6
2. 0
-•' S
1 . 6
1 .6
1 . 2
1 .2
1 .2
1 .2
1 . 2
5. 6
2. 4
1 . S %4 . A
3.6
1 .6o

.S
1 . 0
1 .6
1 .6
1 .2
2. 0
1 . 6
1 .2

H g
( p p b )

S O .
, 1 2 0 .

25 .
35 .
70 .
25.
•7CT
~ ^

30 ..
C. S-.

23 .
£0 .

530.
• 30 .

25 .
40 .
35 .
25 .
50.

340 .
1 40 .
1 6 0 .
370 .
300 .

70 .
25 .
40 .
25.
70 .
40 .
35 .
33 .
40 .
30 .
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F e b r u a r y 2 4 , 1 9 3 6
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•
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— 166
— 167

1 63
_1 69
__! 70

1 71
— 1 7 2

— 173
— ! 74

• - T 7 S
— 1 7 6

— • 1 7 7
-473

_1 79
_J 80

— 1 31
_ 132

183
_ 1 84
_ i 3 5

_ 1 86
- 1 87

__J S3
— 1 8 9
. — 190
— 1 9 1
-192
— 1 93
~! 9*4
-1-95

— 1 96
, — - 1 9 7
-A 98 •

( , . D E N - 0 0 0 3 7 1 - 0 0 0 3 - 0 0 0 9
n D E N - 0 0 0 3 7 2 - 0 0 0 4 - 0 0 0 7
f t D E N - 0 0 0 3 7 3 - 0 0 0 3 - 0 0 0 7
^ D E N - 0 0 0 3 7 4 - 0 0 0 4 - 0 0 0 6
,0 D E N - 0 0 0 3 7 5 - 0 0 0 5 - 0 0 0 6
6 D E N - 0 0 0 3 7 6 - 0 0 0 6 - O O O S
f c D E N - 0 00377-0 003-0 O C 7

/ V - D E N - 0 0 0 3 7 8 - 0 0 0 2 - 0 0 0 9
£ D E N - 0 0 0 3 7 9 - 0 0 0 4 - 0 0 1 2 ' -
g, D E N - 0 0 0 3 3 0 - 0 0 0 3 - 0 0 1 3

- f e D E N - 0 0 0 3 8 1 - 0 0 0 4 - 0 0 1 3
& D E N - 0 0 0 3 S 2 - 0 0 0 5 - 0 0 1 3

£ D F N - 0 0 0 3 8 3 - 0 0 0 3 - 0 0 1 4
K D E N - 0 0 0 3 3 4 - 0 0 0 2 - 0 0 1 S
!*• D E N - 0 0 0 3 S 3 - 0 0 0 1 -001 7
h D E N - 0 0 0 3 S 5 - 0 0 0 4 - 0 0 2 0
* D E N - O O G 3 S 7 - O O O S - 0 0 2 0

A D E - N - 0 0 0 3 3 3 - 0 0 0 3 - 0 0 1 9
^ D E N - O Q G 3 S 9 - 0 0 0 2 - 0 0 1 7
iv D E N - 0 0 0 3 9 0 - 0 0 0 0 - 0 0 1 S

N D E N - 0 0 0 3 9 1 - 0 0 0 2 - 0 0 1 5
N D E N - 0 0 0 3 9 2 - 0 0 0 0 - 0 0 1 6

f > D E N - 0 0 0 3 9 3 - 0 0 0 0 - 0 0 1 7
"• D E N - 0 0 0 3 9 4 - 0 0 0 0 - 0 0 2 0

$ D E N - 0 0 0 3 9 5 - 0 0 0 5 - 0 0 1 5
f t D E N - 0 0 0 3 9 6 - 0 0 0 0 - 0 0 1 9

A D E N - 0 0 0 3 9 7 - 0 0 0 1 - 0 0 1 9
t , D E N - 0 0 0 3 9 8 - 0 0 0 1 - 0 0 2 0
o. D E N - 0 0 0 3 5 9 - 0 0 0 2 - 0 0 1 9

f t * D E N - 0 0 0 4 0 0 - 0 0 0 2 - 0 0 2 0
A D E N - 0 0 0 4 0 1 - 0 0 0 3 - 0 0 2 0
f r D E N - 0 0 0 4 0 S - 0 0 0 1 - 0 0 1 S
iu D E N - 0 0 0 4 0 3 - 0 0 0 6 - 0 0 1 9

Cu
( ppm )

40 .
25.
25.
1 5 .
15.
40 .
20 .

5.
55.

1 0 0 .
65..
35.
90 .
15.
35 .
20 .
55.
20 .
1 5 .
20 .
25 .
20 .
70.
20 .

, - 5 0 .
25.
£0 .
1 5 .
S O .
15 .
I S .
£0 .
45.

P b
1 C ppm )

170 .
70 .
50 .
30 .
30 .
45.
50 .
50 .
50 .

145.
1 0 0 .

70 .
120 .
40 .

1 40 .
50 .
90 .
35. '
25.
6 5 .
60 .

- 2 5 .
50 .

1 05.
205 .

50 .
75.

•50 .
30 .
25.
40 .
35 .
75.

Z n
C ppm )

1 5 5 .
1 1 0 .
120 .

60 .
80 .

1 0 0 .so .
40 .

140 .
290 .

21 0 .
1 2 0 . '
260 .

60 .
120 .

80. • '
330 .

75.
70 .
60 .
90 .
60 .

1 05.
80 .

440 .
1 1 5 .
1 0 0 .

70 .
7 0 .
60 .
6 5 .
9 0 .

1 90 .

. Cd }iq
C p p m )

3 .
2.
1 .
1 .
1 .
2 .
1 .
.

1 .
2.
2 :
1 .
2.
1 .
1 .
1 .
3 .
1 .
1 .
2.
2.
1 .
1 .
1 .
2 .
1 .
2.
1 .
1 .
1 .
r.1 .
2.

2
0
6
2
6
0
6
8
6
4

0
£ '
4
•3

6
2
2
62
0

0
£ '
6
2
8
6
0
6
2
2
G
6
0

C p p b )

130 .
40 .

1 40 .
33 .
25.
33 -
30 .

• 40 .
50.

1 70 .-
.130 .
' 55.
150 .

30 .
80 .
30 .
S O .
40 .
20 .

' 50 .
40 .
20.
30 .
95 .

1 0 0 .
140 .

65.
40 .
35.
25.
30 .
_; — • .
53.
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p a i d f or B u l p h u r c t ores c o n t a i n i n g no l ead are : f or ores r u n n i n g
l e s s t h a n one ounce in g o l d , s ix ounces in s i l v e r , nnd not u n d e r s ix
p er c e n t , c o p p e r , $10 p er t on and u p w a r d s , a d d i n g $1 p er t on f or
every a d d i t i o n a l per c ent , of c o p p e r , tho ore to bo d e l i v e r e d on
board cars at Black H a w k , viz.: ore r u n n i n g 00-100 of an ounce
in g o l d , 5 ounces in s i l v e r and 7 per c ent , c o p p e r , $10 per ton is
p a i d ; ore r u n n i n g same in g o l d and s i l v e r , and 10 per cent , c o p p e r ,
$18 per t o n ; ores r u n n i n g over one ounce in g o l d , s ix ounces in s i l -
ver, and six per cent, c o p p e r , and not e x c e e d i n g in va lu e over $3
per ton, $20 an ounce in g o l d , s i l v e r at New Y o r k q u o t a t i o n s , and $2
f o r every per c e n t , o f c o p p e r , l e s s t en p er cent , and $20 f or t r ea t -
ment , d e l i v e r e d on board cars.

The f i r s t s m e l t i n g wa s c lone a t G o l d e n in 1872. A f t e r some sus-
p e n s i o n o f work, t h e G q l d e n S m e l t i n g C o m p a n y became owners o f
a n d r e m o d e l e d o r e n l a r g e d t h e o r i g i n a l concern. T h e v a l u e o f g o l d ,
s i l v e r , and l e a d , p r o d u c e d in 187<3, was r e p o r t e d at over $100,000,
and ut $275,000 in 1877. T h i s was the p r o d u c t of ores pur cha s ed f r o m
G i l p i n , C l e a r Cre ek , B o u l d e r , and f r o m what i s now Ous t er c ounty .
A s m a l l amount came f r o m Park, in the l a t t e r year. The p r o c e s s
i s s m e l t i n g w i t h l ead.

Last year bu s ine s s was much b e t t e r , and in the summer and f a l l
t h e c a p a c i t y w a s en larged t o e i g h t e e n t o n s d a i l y . T h e p r o d u c t o f
the year 1878 was $384,122. F r o m G i l p i n c ounty ores was o b t a i n e d
$00,805 worth o f g o l d and $22,930.75 wor th o f s i l v e r . C l e a r
Creek sent $204,403, n e a r l y a l l s i l v e r ; B o u l d e r , $48,123 in
g o l d and s i l v e r ; Park, $14,498 in s i l v e r , w i t h a s m a l l a m o u n t o f
l e a d , a n d t h e L c a d v i l l e c a r b o n a t e s turned o u t $33,890. T h e l a t t e r
have s ince been c o m i n g i n l a r g o q u a n t i t i e s . T h e t o t a l p r o d u c t o f
t h e works f r o m f i r s t t o l a s t ha s e x c e eded one m i l l i o n .

T h e great b u i l d i n g s i n t h e u p p e r p o r t i o n o f G o l d e n erected f o r ,
and for a t i m e o p e r a t e d as, s m e l t i n g works are now o c c u p i e d by tho
G o l d e n o r e b u y i n g a n d s a m p l i n g agency o f Messr s . N e t t e r , M a t t h e w s
& Co. Ores are al so b o u g h t and s h i p p e d f r o m Denver. T h i s f i r m
has d e a l t l a r g e l y in ores f r o m a l l quarters , bu t e s p e c i a l l y in t h o s e o f
C l e a r Creek a n d Ous t er c o u n t i e s . T h e m i l l o f M a t t h e w s , M o r r i s & Co.,
in G e o r g e t o w n , s a m p l e d , p u r c h a s e d and s h i p p e d more ore in 1878
than any o th er engaged in tha t l i n e o f bus ine s s w i t h p o s s i b l y one
e x c e p t i o n . T h e m i l l a t G o l d e n i s s u p p l i e d w i t h a l l m a c h i n e r y a n d
a p p l i a n c e s f o r t h e conduc t o f a l a r g e bus ine s s .

The s m e l t i n g works a t , A r g o arc the su c c e s s or s o f the B o s t o n and
C o l o r a d o C o m p a n y ' s l o n g e s t a b l i s h e d o p e r a t i o n s i n t h o mounta in s .
P r o f e s s o r N. P. Hil l was the f o u n d e r and has ever been the m a n a g i n g
d i r e c t o r o f that c o m p a n y ' s s m e l t i n g e s t a b l i s h m e n t s . H e began
work at Black H a w k , in J a n u a r y , 1808, w i t h one c a l c i n e r and one
s m e l t i n g f u r n a c e . A l l around h i m were wrecks o f p r e c e d i n g
a t t e m p t s a t o r e r e d u c t i o n , but , w h i l e e n c o u n t e r i n g many d i f f i c u l t i e s
in the e a r l i e r years, t h e r e has never been an i n t e r r u p t i o n of work,
general p r o g r e s s or success.

A s t h e o r e - s u p p l y i n g m i n i n g d i s t r i c t s became more n u m e r o u s a n d
e x t e n s i v e , the f u r n a c e s and w o r k i n g f o r c e s were i n c r e a s e d , and in
t ime n c o r p s of a s s i s t a n t s had been secured such as is s e l d o m met
w i t h , and whom it w o u l d a l m o s t be an i m p o s s i b i l i t y to r e p l a c e .
The rare b u s i n e s s and e x e c u t i v e q u a l i f i c a t i o n s o f th e general man-
ager have been a b l y s e c onded by tho s e whom he has c a l l e d to
r e s p o n s i b l e p o s i t i o n s , w h i l e t h e S t a t e h a s shown i t s a p p r e c i a t i o n o f
s e rv i c e s r e n d e r e d its main i n d u s t r y by a w a r d i n g him a seat in the
U n i t e d S t a t e s S e n a t e .

T h i s , c o p p e r matie me thod o f s m e l t i n j g , o l d a n d t r i e d i n o t h e r
l a n d s , has r equ i r ed many a d a p t a t i o n s to the numerou s and varied
ores it has had to deal w i t h , and as now c o n d u c t e d at t h i s e s t a b l i s h -
ment can be t ermed the C o l o r a d o more a p p r o p r i a t e l y t h a n the
S w a n s e a proce s s . W h e n P r o f e s s o r Richard Pearce took charge o f
the m e t a l l u r g i c a l d e p a r t m e n t , away back in 1873, the p r o d u c t i o n o f
t h e f i r s t a b s o l u t e l y p u r e s i l v e r b u l l i o n i n t h e W e s t began. B e f o r e
t h a t t h e v a l u a b l e m e t a l s had been sent f r o m B l a c k H a w k across t h e
ocean t o S w a n s e a , in (he f o r m o f c o p p e r m a t t e , where th ey were
p u r c h a s e d , s e p a r a t e d , a n d r e f i n e d . S i n c e 1875 t h e g o l d h a s a l s o
been p a r t e d and r e f i n e d in C o l o r a d o , and by a m e t h o d of _Mr.
P c a r c e ' s o w n i n v e n t i o n .

In 1873 branch work s were s t a r t e d at A l m a , among the Park
coun ty s i l v e r mine s , and in 1870 t in ore b u y i n g agency was e s tab-
l i s h e d a t B o u l d e r . I n 1877-8 t h e c a p a c i t y o f t h e B l a c k H a w k
works was over f i f ty t on s o f ore d a i l y , i n s t e a d o f t en or t w e l v e , a s a t
t h e b e g i n n i n g . The w o r k i n g f o r c e had increased t o a h u n d r e d men,
t h e a n n u a l p r o d u c t i o n o f b u l l i o n f r o m a coin v a l u e o f $103,490 i n
1808 to one of over two m i l l i o n s , and tho average s l o c k of ores on
hand r e p r e s e n t e d a va lu e o f three quarter s o f a m i l l i o n . Ores were
c o m i n g i n s t e a d i l y f r o m a l m o s t a l l p a r t s o f t h e S t a t e , a n d began t o

»*
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arrive f r o m M o n t a n a , even, a t h o u s a n d m i l e s away. But t l i e ques-
t i o n of f u e l was b e c o m i n g a s er iou s one, a more c e n t r a l and gener-
a l l y a c c e s s i b l e l o c a l i t y was d e s i r a b l e , and as i t was neces sary to
again e n l a r g e the works i t was d e emed best to b u i l d e n t i r e l y anew,
and near the coal measures and the r a i l w a y centre of the p l a i n s .

A l o c a t i o n was s e l ec ted two mi l e s f r o m Denver, to which the
very a p p r o p r i a t e name o f A r g o w a s a p p l i e d , a f t e r t h e good s h i p i n
which a hero of Grecian m y t h o l o g y is r eput ed to have set
sa i l in search of the g o l d e n f l e e c e . The new works were so far
c o m p l e t e d in December, 1878, that several f u r n a c e s were f i r e d up,
a n c T s o o n a U e i ' i ^ i ' l ) U J r i T e ^ e x c e p ( ^ r o a s t i n g ~ o r c s o n l i a i i d , a n d s a m p -
i J n g f p i i r c l i a s T i i g a n d s h i p p i n g , w a s d i s c o i i t i n u e d a t t h e o l d _ j ) l a c g a t
B l a c k H a w k .

T h e works a t A r g o were c o n s t r u c t e d a f t e r t h e most a p p r o v e d
p l a n s which l o n g exper i ence and the n e c e s s i t i e s and a d v a n t a g e s of
t h e s i t u a t i o n c o u l d s ugge s t . T h e r e s u l t i s t h e f i n e s t a n d most
e x t en s iv e g o l d and s i lver r educ ing e s t a b l i s h m e n t in the world.
T h i s w i l l b e e n l a r g e d h e r e a f t e r , bu t a l r e a d y po s s e s s e s a nominal
c a p a c i t y for t r e a t i n g 120 tons of ore, or a p r a c t i c a l c a p a c i t y of 100
t o i i s _ d a i l y f r o m o n e y e a r ' s e n d t o ano ther , w i t h t h e f o l l o w i n g enor-
mous p l a n t : 30 great k i l n s for r o a s t i n g and d e s u l p h u r i z i n g the ore,
and r equ i r ing wood for f u e l ; 10 ore ca l c iner s or r o a s t i n g f u r n a c e s ;
8 ore s m e l t i n g f u r n a c e s ; 8 c a l c i n i n g f u r n a c e s in the r e f i n i n g d e p a r t -
ment; and f i v e m e l t i n g f u r n a c e s ; toge ther with engines and other
necessary m a c T n n e T y l Two h u n d r e d men arc e m p l o y e d , more t h a n
a quarter of a m i l l i o n in b u l l i o n is turned out m o n t h l y , and one
h u n d r e d t o n s of Canon and El Moro coal are consumed d a i l y ,
be s ide a s m a l l q u a n t i t y of wood. The stock of ores carried on hnnd
e x c e e d s $1,000,000 in value. Ore and coal t r a i n s p a s s over s i d e
( r a c k s f r o m t h e a d j a c e n t C o l o r a d o C e n t r a l r a i l w a y i n t o t h e yard
a n d r e c e p t a c l e s p r e p a r e d f o r them.

In the great ore b u i l d i n g , 450 f e e t l o n g by 120 w i d e , are s c a l e s for
w e i g h i n g l o a d e d a n d e m p t y cars, steam engine s f o r p r o p e l l i n g t h e
or e- cru sh ing and s a m p l i n g mach inery , and t en c a l c i n e r s — e a c h
roa s t ing 0,000 p o u n d s of ore every t w e n t y - f o u r hours. A d j o i n i n g
arc t h i r t y r o a s t i n g k i l n s , and a smoke- s ta ck 100 f e e t h i g h , t ha t
carries o f f t l i f t s u l p h u r o u s f u m d s o f both calciners a n d k i ln s . T h e
p r o d u c t s o f a l l t h e d i f f e r e n t f u r n a c e b u i l d i n g s a r e conveyed f r o m
one to another in cars over c onnec t ing ra i lways .
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I n ano th er b u i l d i n g nearly 8 0 0 f e e t l o n g a n d d i r e c t l y o p p o s i t e
nro e i g h t f u r n a c e s t h a t s m e l t 100 tons o f roasted ores i n t o f i v e o f
m a t t e every t w e n t y - f o u r hours , w h i l e t h e r e f u s e r emains i n
what i s c a l l e d s lag. A f t e r t h e s l a g h a s been s k i m m e d o f f o f t h e
m a t t e , t h e l a t t e r i s t r a n s f e r r e d t o a n o t h e r mass ive b u i l d i n g , p u l v e r -
iz ed by crushers and r o l l e r s and roas ted in t h e c a l c i n e r s of the r e f i n -

i n g d e p a r t m e n t — e i g h t
in number. A l i n e of
vat s is the next recep-
t a c l e , i n t o which c on t in-
uous s t r e a m s of hot
water are conveyed by
p i p e s . T h i s h o t water
h o l d s t h e s i l v e r i n solu-
t i o n , and in a scries of
t a n k s b e l o w , th e s i l v e r i s
p r e c i p i t a t e d or r e t a i n e d
on l i n e s o f s t a n d i n g cop-
p e r p l a t e s f r o m which i t
is removed every week.
T h e b r i g h t , pure f l a k y
metal is secured in im-
mense cruc ib l e s , and is
s hove l ed in t o bucke t s
and conveyed to the
m e l t i n g f u r n a c e s , f i v e i n
number. T h e r e it is
m e l t e d i n t o s o l i d bars
of an average w e i g h t of
about 1,700 ounces,

v a l u e d at $1,900 more or le s s . The c o p p e r and g o l d are saved
s e p a r a t e l y f r o m the s i l v e r , the c o p p e r b e ing secured on s crap iron.
The go ld bricks vary in value f r o m $15,000 to $27,000 each. C e n t -
r a l l y l o c a t e d is the h a n d s o m e s truc ture u s e d , as the h eadquar t e r s and
o f f i c e s o f managers H i l l a n d " W o l c o t t .

All o f th e b u i l d i n g s are o f cu t s t o n e , covered wi th r o o f s o f corru-
g a t e d i r on , and o u t s i d e o f t h e w o r k s ar e b u i l d i n g s f o r t h e e m p l o y e e s
a n d t h e i r f a m i l i e s . T h i s v i l l a g e l i a s t hr e e hundred p e o p l e , w i t h a
school and church,

A T O N O F P U R E S I L V E R .
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T h e p r o d u c t i o n o f t h e works f o r f o u r years i n t h e var ious m e t a l s ,

and by c oun t i e s , was as f o l l o w s :
1 8 T 5 .

C O U N T I E S .

G l l p l n ................
P a r k .... .............
G o l d a n d S i l v e r , S a n )J u a n and e l s e w h e r e |

T o t a l s ...........

G o l d .

$337,000•4,00041,000113,900

$515,000

S i l v e r .

$94,000438,000618,00074,000126,000

$1,350,000

C o p p e r .

$51,000
19,000

$70,000

T o t f t l .

$502,000442,000678,000187.000150,000
12,000

$1,047,000

1876.

Q l l p l n . ................
Park.. . . . . . . . . . . . . . . .

$594,0005,40089,00086,000

$7-34,400

$132,000529,000458,00049,000102,000

$1,270,000

$78,000
14,000

$92,500

$804,500534,400511,000135,000102,00011,000

$2,097,000

1 8 T T .

Q M p l n . . . . . . . . . . . . . . . . .
P n r l r

O t h e r S o u r c e s . . ......

T o t a l s . . . ... ....

$591,501I), 50038,000169,00014,500

$819,500

$137,500707,000221,50090,50078,500

$1,233,000

$88,0003,0008,000

$97,500

$815,0007 1 6 / ) 0 0268,000259,50091,0004,000

$ 2 , 1 5 4 , O C O

1878.

Park ..................
M o n t a n a T e r r i t o r y ....O t h e r S o u r c e s . . .......

T o t a l s . . . ..........

$608,5004.500178,000111,5:083,000
3,500

$694,000

$181,000659,50073,000114,00063,5002540001 0 , C O D

$1,244,000

$79,0002,000
' 4 ' , 6 6 6
s b ' . c o o

$121,000

$868,600680,000251,000134, BOQ335,500290,00013,500

$2,2o9,000
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T h e currency va lue o f t h e c o m p a n y ' s b u l l i o n p r o d u c t p r e v i o u s t o

1879 was as f o l l o w s :
1875 . . . . . . . . . . . . . . $1,947,0001 8 7 ( 5 . . . . . . . . . . . . . . 2,097,0001877.. . . . . . ....... 2,154,000
1878. ............. 2,259,000

T o t a l . ....... $ 1 4 , 5 0 8 , 1 ( 5 2

1868... ............. $270,8801809.. .............. 489,8751870. . . . . . . . . . . . . . . . 052,3291871.. . . . . . . . . . . . . . . 848,571
1872. . . . . . . . . . . . . . . . 9 9 9 , 9 5 41873.. .............. 1,210,0701874. . . . ............ 1,038,877

T l i i s c o m p a n y n o w does i t s s m e l t i n g e n t i r e l y a t A r g o . I t h a s ore-
b u y i n g agenc i e s w i th s a m p l i n g m i l l s a t B o u l d e r , B l a c k H a w k , a n d
. A l m a , and receives o r e f r o m n e a r l y every m i n i n g d i s t r i c t in C o l o r a d o .
Now t h a t th e c a p a c i t y i s about d o u b l e what i t wa s a t Black H a w k ,
i t i s l i k e l y tha t t h e b u l l i o n .-product w i l l show a p r o p o r t i o n a t e
increase.

C H A P T E R I V .
C O L O R A D O ' S M I N I N G P R O D U C T F R O M T H E E A K L Y D A T S T O T H E P R E S E N T

T I M E — A M A S S O K S T A T I S T I C S — T U B Y I E L D O F G O L D , S I L V E R , l . E A D ,
A N D C O P P E R — E K i H T Y M I L L I O N S , A N D T W E N T Y M O I i E C O M I N G I N
S E V E N T Y - N I N E — T O N S O F O O L D A N D S I L V E R .

N o d e f i n i t e record w a s k e p t o f C o l o r a d o ' s m i n i n g p r o d u c t p r i o r
t o 1808, a n d t h e e s t i m a t e s o f m i n e r s a n d b u l l i o n s h i p p e r s a l o n e
r e m a i n to base a s t a t e m e n t o f the y i e l d o f the e a r l i e r years on.
N e i t h e r t h e m i n t s n o r e x p r e s s c o m p a n i e s h a n d l e d a n y w h e r e near a l l
o f t h e g o l d p r o d u c e d i n t h o s e days . A p u b l i s h e d s t a t e m e n t o f
Colorado ' s o u t p u t ha s a p p e a r e d in p r i n t once or tw i c e in recent
t i m e s , bu t i t i s w i d e o f t h e mark. The amoun t s g iven f o r t h e e a r l y
p l a c e r m i n i n g t i m e s a r e t o o s m a l l , a n d t h o s e f o r t h e nine 3 ' e a r s u pto 1872 are too large .

The excess f r o m 1 8 C 3 to 1809 was e v i d e n t l y as much as s ix
m i l l i o n s , and f o r t h e t hr e e years s u c c e e d i n g th e l a t t e r d a t e a t l ea s t
three m i l l i o n s . T h e f i g u r e s g iven f o r t h e l a t t e r p e r i o d were l i k e
tho s e f u r n i s h e d by C o l o r a d o men to P r o f e s s o r R. W. Raymond for
h i s annual r e p o r t s . T h e y i e l d s f o r b o t h p e r i o d s were o r i g i n a l l y
c o m p u t e d on a currency bas i s , when g o l d ranged f r o m $1.30 to
$2.50, and a f t e r t h e l a p s e o f years were rated a s coin va lue s . The
e x p r e s s a g e n t s o f W e l l s , F a r g o & C o . ahv s iy s f u r n i s h e d ( h e i r f i g u r e s
on a curr ency ba s i s , and so d id a l l C o l o r a d o bankers, s m e l t e r s , m i l l
men and miners , u n l e s s the word s "coin va lu e " were given. The
f i g u r e s i n ( h i s book r e p r e s e n t coin v a l u e s u n l e s s o t h e r w i s e s t a t e d .

T h e p l a c e r s a n d g u l c h e s o f L a k e , S u m m i t , Park , a n d G i l p i n
c o u n t i e s y i e l d e d l a r g e l y f o r several summers, b e g i n n i n g w i t h t h a t
o f 1800, and when t h e y ivcre on the d e c l i n e , the l o d e mine s , m a i n l y
i n G i l p i n c o u n t y , came: t o t h e f r o n t . T h e s e were d o i n g we l l i n
1802, and s t i l l b e t t e r in 1803-4. L o d e s and p l a c e r s gave a v a r y i n g
y i e l d , however, f r o m 1800 to 1805. B e s i d e s the above, named
c o u n t i e s , b o t h c l a s s e s o f m i n i n g were p r o s e c u t e d in C l e a r Creek and
B o u l d e r . T h e p r o d u c t o f t h e t e r r i t o r y d r o p p e d t o l o w f i g u r e s i n
1800, and there was no heavy increase f r o m t h a t t i m e unt i l the
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T h e s t o r y o f t h e A r g o 7>rorks o f t h e 3 0 s t o n a n d C o l o r a d oS m e l t i n g C o m p a n y i s c e n t e r e d around t h e e f f o r t s a n d a c t i v i t i e sof two men: Dr. Richard P e a r c e , a g r a d u a t e of the M i n i n g S c h o o lo f T r u r o , C o r n w a l l , a n d t h e ^cyal ° c h o o l o f M i n e s , L o n d o n , a n dP r o f e s s o r N a t h a n i a l ? . H i l l , a g r a d u a t e o f ^rown U n i v e r s i t y .
!P r o f e s s o r I - I i l l w a s i n s t r u m e n t a l i n t h e b u i l d i n g o f B o s t o na n d C o l o r a d o ' s f i r s t s m e l t e r a t B l a c k H a w k , C o l o r a d o a n d w a smanager of the B l a c k Eawk works and l a t e r manager of the A r g oworks . Dr. Pearc e was engaged by the c o m p a n y in about theyear 1872 f o r t h e s u p e r v i s i o n o f t h e b u i l d i n g o f t h e s e p a r a t i o nworks a t B l a c k H a w k . P r o f e s s o r H i l l and Dr. Pearce p lannedto use the "Swans ea" m e t h o d o f s m e l t i n g at t h e s e new works.T h i s s m e l t i n g m e t h o d , wh i ch d e a l t w i t h t h e r e covery o f g o l dand s i l v e r by means of a c o p p e r m a t t e , had never b e f o r e beenused in t h i s c oun try .

The works a t Black H a w k , which were c a l l e d " C o l o r a d o ^f i r s t s u c c e s s f u l s m e l t e r , " used wood f o r t h e f u e l o f a l l o fi t s s m e l t i n g o p e r a t i o n s . T h e f u r n a c e s were n e c e s s a r i l y s m a l l ,and so in 1377, the s c a r c i t y of wood and increas ed bus ines sp r o m p t e d t h e management t o s e l e c t a coal t o r e p l a c e t h e wooda s t h e f u e l . A f t e r t e s t i n g t h e c o a l s o f t h e r e g i o n , . . t h e cok-i n g c o a l s o f T r i n i d a d were f o u n d t o p o s s e s s t h e d e s i r e d p r o p -e r t i e s .
T h e c o s t o f t r a n s p o r t i n g t h e coal t o B l a c k Eawk, however,was so i;reat t h a t it was soon r e a l i z e d t h a t tae works wou ldhave to be moved to a l o c a t i o n nearer the source of the f u e l .Denver , b e cau s e o f i t s p r o x i m i t y t o t h e coal f i e l d s a s we l la s t h e m i n i n g d i s t r i c t s , w a s t h e l o g i c a l c h o i c e f o r t h e s i t eof the nev? p l a n t .
T h e ground c h o s e n f o r t h e s i t e o f t h e n e w works w a sabout two m i l e s nor th of Denver and one-quarter m i l e west oft h e P l a t t e R i v e r . C o n s t r u c t i o n w a s begun J u n e 2 9 , 1378, a n db y t h e f i f t e e n t h o f D e c e m b e r , t h e f u r n a c e s were h a n d l i n g f i f t yt o n s of ore per d a y . The b u i l d i n g f o r c e was about one hundredmen, who e i t h e r l i v e d a t the t e m p o r a r y b o a r d i n g hou s e s s e t upon the g r o u n d s , or r e turned each day to Denver. T r a n s p o r t a -t i o n f o r t h e l a b o r f o r c e t o a n d f r o m t h e c o n s t r u c t i o n w a s adummy eng ine and a p a s s e n g e r coach w h i c h had been loaned tothe company by the r a i l r o a d .
T h e b u i l d i n g s were a l l o f b r i ck a n d s t o n e , 2 , 5 8 0 , 0 0 0b r i c k and 5000 p e r c h e s of rock b e ing required for the con-s t r u c t i o n . T e n t o twelve c a r l o a d s o f rock f r o m M o r r i s o n ,C o l o r a d o were d e l i v e r e d d a i l y t o t h e b u i l d i n g s i t e . T h eb u i l d i n g s were r o o f e i w i t h c o r r u g a t e d iron. I n a l l , therewere f o u r main b u i l d i n g s on th e g r o u n d s : n a m e l y , t h e c a l c i n -ing h o u s e , t h e s m e l t i n g hou s e , t h e r e f i n i n g hou s e , and th eo f f i c e b u i l d i n g , ' i ' h e s e b u i l d i n g s a n d t h e a d j o i n i n g grounds



were surrounded by an e i g h t - f o o t h i g h s t o n e w a l l , the e n c l o s -ed area b e i n g about t w e l v e acres . C u t s i d e the area, and awayf r o m the p l a n t , a h o t e l and s everal c o t t a g e s were c o n s t r u c t e df o r t h e s m e l t e r ' s e m p l o y e e s . x h e s p e e d w i t h w h i c h t h e p l a n twas c o n s t r u c t e d and the o p e r a t i o n s s t a r t e d m i g h t be very hardt o d u p l i c a t e t o d a y , what w i t h m a t e r i a l s h o r t a g e s , s t r i k e s a n do t h e r d e l a y s .
I n 1 S 7 9 , t h e s m e l t e r h a d t h i r t y k i l n s , t e n r o a s t e r s ,e igh t s m e l t i n g f u r n a c e s , e i g h t c a l c i n i n g f u r n a c e s , a n d f i v em e l t i n g f u r n a c e s . The s ize and c a p a c i t i e s o f t h e f u r n a c e s -were changed in l a t e r years as the need p r e s e n t e d i t s e l f andas i m p r o v e m e n t s ware made." One of the more n o t a b l e improve-ment s w a s t h e ' i n t r o d u c t i o n o f t h e Pearce r o a s t e r , inven t edand p a t e n t e d by Dr. Pearce w h i l e he was at the Argo works.Dr. Pearce a l s o o b t a i n e d several o ther p a t e n t s on m e t h o d s ande q u i p m e n t d e v e l o p e d a t the s m e l t e r .

T h e o r e s m e l t i n g p r a c t i c e a t A r g o w a s e s s e n t i a l l y t h esame as tha t used at the old B l a c k Eawk works. H o w e v e r , onei m p r o v e m e n t in the s m e l t i n g p r a c t i c e was the heat sav ingsgained by t a k i n g the c a l c i n e s f r o m the r o a s t e r s and charg ingt h e m , w h i l e s t i l l r e d h o t , d i r e c t l y t o t h e s m e l t i n g f u r n a c e s ,^•nother d e v e l o p m e n t was that of s m e l t i n g ores to a c o p p e rm a t t e and s l a g in r everb era tory f u r n a c e s . In 1900, the A r g os m e l t e r was the on ly one in the U n i t e d S t a t e s that s m e l t e dg o l d a n d s i l v e r ores t o m a t t e e x c l u s i v e l y ' i n r e v e r b e r a t o r i e s .
C a p a c i t y o f t h e p l a n t w a s increased f r o m f i f t y t o n s o fore per day to a maximum of one hundred and t w e n t y or an aver-age o f one hundred t on s per day. The c a p a c i t y o f the reverb-e r a t a r i e s increased f r o m f i v e t o one hundred tons .
The ores bought by the s m e l t e r were of a general assayof about 40 to 60 02 s i lver per t o n , 1/2 to 1 oz g o l d per t o n ,and 2 or 3 per cent c o p p e r . A b o u t ' : 9 0 per cent of th e ore con-tained l i t t l e or no c o p p e r , and so the c o p p e r assay givenabove r e s u l t e d f r o m the mixing w i t h the remaining 10 per centwhich was h igh in c o p p e r .
A b o u t one hundred tons of h i g h - s u l p h u r ore was r oa s t edeach day in order to r e d u c e the s u l p h u r to around 7 per c en t .T h e remainder o f t h e d a i l y t onnage cou ld b e s m e l t e d d i r e c t l yw i t h o u t a n y p r e l i m i n a r y r o a s t i n g o p e r a t i o n . T h e r o a s t e d o r ewas mixed w i t h the unroas t ed ore s , which were p r i n c i p a l l y o f

a s i l i c e o u s nature. T h i s ore mixture was then s m e l t e d to pro-duc e a s l a g a n d a f i r s t m a t t e . T h i s f i r s t m a t t e g e n e r a l l yas sayed 40 per cent c o p p e r , 400 oz s i l v e r per t o n , and 6 ozg o l d per ton, which r e p r e s e n t s a c o n c e n t r a t i o n of about 13 to
J. *

The next s t e p in the s m e l t i n g o p e r a t i o n was to roast partof the f i r s t m a t t e and t h e n mix t h i s r o a s t e d m a t t e w i t h the un-r o a s t e d p o r t i o n , t h e mixture then s m e l t e d . T h e p r o d u c t s o ft h i s o p e r a t i o n were a r i ch s l a g and a m a t t e c a l l e d the " w h i t emeta l" . The s l a g was skimmed f r o m the w h i t e metal and returned



to the ore f u r n a c eo f s i l v e r p e r t o n ,w a s then r eady f o r
T h e w h i t e m e t a l , c o n t a i n i n g 7 0 010 oz of g o l d per t o n , and 60 pert h e e x t r a c t i o n o f t h e s i l v e r .

to 800 02cent c o p p e r

T h e w h i t e m e t a l w a s r o a s t e d f o r t w e n t y - f o u r hours t o driveo f f t h e l a r g e s t part o f t h e s u l p h u r . T ' . i e r o a s t e d metal w a st h e n ground to minus 60-mesh and g iven a s u l p h a t i z i n g roast too b t a i n t h e s u l p h a t e o f s i lver . T h e m a t e r i a l w a s then ready f o rl e a c h i n g . The ma t e r ia l was l e a c h e d in w o o d e n tub s w i t h hotwater a s a s o l v e n t . The s i l v e r s u l p h a t e was d i s s o l v e d e a s i l yand the w a t e r , when s a t u r a t e d w i t h the s i l v er s u l p h a t e , wasp a s s e d over c o p p e r p l a t e s t o p r e c i p i t a t e t h e s i l v e r . T h e c o p p e rw h i c h r e p l a c e d the s i l v er in the s o l u t i o n was recovered byp a s s i n g the s o l u t i o n over s c r a p iron.
T h e p r e c i p i t a t e d s i lv er required some a d d i t i o n a l r e f i n i n gb e cau s e o f c o p p e r o x i d e and m e t a l l i c c o p p e r mixed in w i t h i t .T h e p r e c i p i t a t e d s i l v e r w a s t h e r e f o r e t r e a t e d w i t h b o i l i n g d i -l u t e s u l p h u r i c a c i d , whi ch removed t h e c o p p e r a s t h e s u l p h a t e .The s i l v e r was th en w a s h e d , d r i e d , and m e l t e d and east in t obars o f a p p r o x i m a t e l y 9 9 9 f i n e n e s s .
T h e r e s i d u e s f r o m t h e l e a c h s t e p were mixed w i t h g o l d - o rs i l v e r - b e a r i n g p y r i t e s , r ich in s u l p h u r , and were again s m e l t e dt o a m a t t e , • '• 'h i s m a t t e c o n t a i n e d about 10 t o 15 o z g o l d p e rt o n a n d 8 0 o z p e r t o n s i l v e r . ' i ' h e s l a g f r o m t h i s s t e p w a s o fa low g r a d e and was d i s c a r d e d .
T h i s l a s t m a t t e w a s charged t o a r e v e r b e r a t o r y where i tw a s m e l t e d down i n t w o s t a g e s , t h e f i r s t s t a g e b e i n g a n o x i d i z -ing one. During th e s e c ond s t a g e o f m e l t i n g no f u r t h e r o x i d a -t i o n o c c u r r e d , b u t a r e a c t i o n t o o k p l a c e b e t w e e n t h e o x i d e a n dt h e s u l p h i d e . T h i s r e a c t i o n p r o d u c e d m e t a l l i c c o p p e r ?michc o n t a i n e d most o f t h e g o l d a n d s i l v e r . T h e charge w a s t a p p e di n t o sand m o l d s w h e r e a s e p a r a t i o n o f t h e m a t t e a n d c o p p e r - g o l da l l o y o c c u r r e d . T n e s l a g f r o m t h e p r o c e s s w a s re turned t o t h eore f u r n a c e ; the m a t t e was t r e a t e d in the same manner as therich s i l v e r m a t t e d e s c r i b e d a b o v e , bu t in s e p a r a t e f u r n a c e s a si t c o n t a i n e d no g o l d .
T h e t r e a t m e n t a n d r e f i n i n g o f t h e r ich c o p p e r - g o l d a l l o ywas a very c a r e f u l l y guarded m e t a l l u r g i c a l s e cre t f o r t h i r t y -f i v e years. The p r o c e s s was d e v e l o p e d by Dr. Pearc e in 1373w h i l e he and P r o f e s s o r H i l l were w o r k i n g on the Black Hawkworks , and is known as the Pearce p r o c e s s . It was not u n t i l1908, t w o years a f t e r a f i r e c o m p l e t e l y d e s t r o y e d t h e r e f i n e r yb u i l d i n g at the ^-rgo works , t h a t tne management agreed to d i s -c l o s e t h e secret p r o c e s s , ' i ' h e p r o c e s s , wh i ch i s d e s c r i b e d i nthe f o l l o w i n g p a r a g r a p h s , was so s i m p l e . that t h i s was given asthe reason why no one d i s c o v e r e d it d u r i n g the many years ofi t s use.
T h e g o l d - c o p p e r a l l o y , o ra n d m e l t e d down w i t h p y r i t e t o c o p p e r b o t t o m s , w a s g r a n u l a t e df o r m a mat^e and a c o p p e r - g o l da l l o y r i cher in g o l d than the one c h a r g e d . The reason thatc o p p e r b o t t o m s were r i cher i s o b v i o u s l y that somethe s e c ond



o f t h e c o p p e r goe s i n t o t h e f o r m a t i o n o f t h e m a t t e , l e a v i n gt h e g o l d b e h i n d , T h e s e c ond c o p p e r b o t t o m s were g r a n u l a t e da n d m e l t e d w i t h p y r i t e , a s were t h e f i r s t b o t t o m s . 1 ' h i s pro-ce s s wa s r e p e a t e d several t i m e s u n t i l a l l t h e c o p p e r wa s e x-t r a c t e d f r o m t h e a l l o y . T h e - g o l d w a s then m e l t e d a n d cas ti n t o bars f o r sa l e t o t h e U n i t e d S t a t e s m i n t .
A l l t h e s l a g s f r o m each p r o c e s s were r o u t e d b a c k ' u n t i le v e n t u a l l y t h e y reached th e o r e - s m e l t i n g f u r n a c e s . For a goodmany years the s l a g f r o m the ore f u r n a c e was p i c k e d ^over byhand to sort any p r i l l s o f meta l or any o b v i o u s l y r i ch p i e c ' . e s .T h i s p r a c t i c e o f hand s o r t i n g d id no t r e c l a i m much o f t h e valuec o n t a i n e d in the s l a g , and so in l a t e r years an improved s l a gt r e a t m e n t was i n s t i t u t e d at the s m e l t e r . ^mall a u x i l i a r y furn-aces wsre b u i l t for each of the ore f u r n a c e s , and the s l a gf r o m th e o r e f u r n a c e s wa s skimmed d i r e c t l y i n t o t h e s e s m a l l e rr e v e r o e r a t o r i e s . To th e s l a g in th e a u x i l i a r y f u r n a c e s wa sa d d e d c l e a n p y r i t e and the mix ture was then a l l o w e d to remainu n d i s t u r b e d a t a h i g h t e m p e r a t u r e f or a short t ime . The p y r i t e scombined w i t h the m e t a l in the s l a g and f o r m e d a small q u a n t i t yo f l o w - g r a d e m a t t e w h i c h c o l l e c t e d b e n e a t h t h e s l a g . T h i sm a t t e c o n t a i n e d a l l t h e va lue s and l e f t t h e s l a g very c lean.T h e s l a g w a s t h en t a p p e d a n d d i s c a r d e d a s c l ean s l a g .
Ores r e c i e v e d a t the p l a n t were in the main par t f r o m thef o l l o w i n g C o l o r a d o c o u n t i e s : G i l p i n , C l e a r C r e e k , B o u l d e r , P a r k ,a n d O u s t e r . T h e r e m a i n d e r o f t h e o r e w a s f r o m M o n t a n a T e r r i t o r y ,N e w M e z i c o T e r r i t o r y , a n d o t h e r l o c a l i t i e s . C o a l w a s f r o m t h emine s o f S o u t h e r n C o l o r a d o , 2 5 0 t o 2 7 5 t o n s used each m o n t h .
luany m i l l i o n s o f d o l l a r s w o r t h o f m e t a l were r e f i n e d b yt h e s m e l t e r d u r i n g i t s o p e r a t i o n , t h e f i r s t year p r o d u c i n g,£894,000 o f g o l d , $ 1 , 2 4 4 , 0 0 0 o f s i l v e r , a n d ^121,000 o f c o p p e ror a t o t a l of * 2 , 2 5 9 , 0 0 0 .
I t f f i i . j j h t b e o f i n t e r e s t t o n o t e o n e reason w h y c o p p e r w a ss e l e c t e d a s a v e h i c l e f o r t h e g o l d and s i l v e r i n s t e a d o f l e a d .F i r s t , t h e great L e a d v i l l e d i s c o v e r i e s were n o t made u n t i l 1377,f o u r years a f t e r the smel t . er a t B l a c k H a w k was s t a r t e d ; ands e c o n d , i n 1571, o n e C l e a r C r e e k s m e l t e r i m p o r t e d p i g l e a d f r o mC h i c a g o at a cost of $130 per ton for f r e i g h t a lone! It wasobv i ou s , t h e n , that t h e s m e l t e r a t Black H a w k c o u l d _ n o t p o s s i b l yb e o p e r a t e d p r o f i t a b l y u s ing l e a d a s a c o l l e c t o r . T h e c o p p e r -m a t t e p r o c e s s d e v e l o p e d a t B l a c k Hawk was so s u c c e s s f u l t h a t i twa s c o n t i n u e d a t A r g o , even a f t e r t h e L e a d v i l l e d i s c o v e r i e s .

AS m e n t i o n e d p r e v i o u s l y , th e r e f i n e r y wa s d e s t r o y e d byf i r e in 1906, and no f u r t h e r r e f i n i n g was done at the s m e l t e r .?rom 1906 on, the c o p p e r ores became scarce in t h i s r e g i o n andc o p p e r s m e l t e r s i n U t a h , -a-rizona, a n d N e w M e x i c o f u r t h e r shor t-
ened the s u p p l y . The management o f th e ^-rgo works d e c i d e d no tto convert to a l e a d s m e l t e r , and so it was v o t e d to shutd o w n t h e s m e l t e r c o m p l e t e l y . I t w a s f o r t h e above m e n t i o n e dreason a lone and not because o f c o m p e t i t i o n tha t the f a m o u ss m e l t e r was shut down f o r e v e r on March 17, 1910, e x a c t l yf o r t y - t w o years a g o t h i s month.
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